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❛♥❞ ♣r♦t❡sts✬ ✭❋✐❣✉r❡ ✶ ❛♥❞ ❆✲✷✮ ✐s t❤❡ ❝❛s❡ ♦❢ ❝♦✉♥tr✐❡s ✇✐t❤ r❡❧❛t✐✈❡❧② ❧♦✇ ❧❡✈❡❧s ♦❢ s♦✲
❝✐❛❧ ✐♥st❛❜✐❧✐t② s✉❝❤ ❛s ❈❤❛❞✱ ❉❥✐❜♦✉t✐✱ ❊q✉❛t♦r✐❛❧ ●✉✐♥❡❛ ❛♥❞ ●❛❜♦♥✱ ❜✉t s✉rr♦✉♥❞❡❞
❜② ❝♦✉♥tr✐❡s ✇✐t❤ ❤✐❣❤ ❧❡✈❡❧s ♦❢ ❵r✐♦ts ❛♥❞ ♣r♦t❡sts✬✳ ❉♦❡s t❤✐s s✐❣♥❛❧ s♦♠❡ ❣❡♦❣r❛♣❤✐❝❛❧
s♣✐❧❧♦✈❡rs❄ ❙✐♥❝❡ s♦❝✐❛❧ ❝♦♥✢✐❝ts ✐♥ ❛ ❝♦✉♥tr② ❧❡❛❞ t♦ ♠✐❣r❛♥ts ✢♦✇ t♦✇❛r❞s ♥❡✐❣❤❜♦✉r✲
✐♥❣ ❝♦✉♥tr✐❡s ❛♥❞ ❛s ♠✐❣r❛♥ts st♦❝❦ ❧✐❦❡❧② ❞r✐✈❡ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ✐♥ ❤♦st ❝♦✉♥tr✐❡s✱ ✐t
✐s ♠❡❛♥✐♥❣❢✉❧ t♦ ❝♦♥s✐❞❡r r❡❣✐♦♥❛❧ s♣✐❧❧♦✈❡rs✱ ✇❤❡♥ ❛❞❞r❡ss✐♥❣ t❤❡ ♠✐❣r❛t✐♦♥✲✐♥st❛❜✐❧✐t②
♥❡①✉s✳
✶❲❡ ❛r❡ ❡ss❡♥t✐❛❧❧② r❡❢❡rr✐♥❣ t♦ r❡❝❡♥t ♠✐❣r❛♥ts✲♥❛t✐✈❡s ❝♦♥✢✐❝ts ✐♥ ❈ôt❡ ❞✬■✈♦✐r❡ ❛♥❞ t♦ r❡❝❡♥t
❞❡❛❞❧② ❛♥t✐✲❢♦r❡✐❣♥❡r ❛❝ts ♦❢ ✈✐♦❧❡♥❝❡ ✐♥ ❙♦✉t❤ ❆❢r✐❝❛✳
✶
❋✐❣✉r❡ ✶✿ ▼❡❛♥ ❵❘✐♦ts ❛♥❞ ♣r♦t❡sts✬✱ ▼✐❣r❛♥ts st♦❝❦✬ ❛♥❞
■♥❝♦♠❡ ♣❡r ❝❛♣✐t❛ ♦❜s❡r✈❡❞ ❜❡t✇❡❡♥ ✶✾✾✼✲✷✵✶✵ ✐♥ ❙❙❆✳
◆♦t❡s✿ ✶✲✹✶ ❝♦rr❡s♣♦♥❞ t♦ ❝♦✉♥tr✐❡s✬ ■❉✳
❙♦✉r❝❡✿ ❚❤❡ ❛✉t❤♦rs✱ ❜❛s❡❞ ♦♥ ❞❛t❛ ❞r❛✇♥
❢r♦♠ t❤❡ ❲❉■ ❛♥❞ ❆❈▲❊❉✳ ❙❡❡ ❉❡s❝r✐♣t✐✈❡
❙t❛t✐st✐❝s ❢♦r ❞❡t❛✐❧s ♦♥ t❤❡ ❞❛t❛✳
ln❘✐♦ts ❛♥❞ Pr♦t❡sts
ln●❉P ♣❡r ❝❛♣✐t❛
ln▼✐❣r❛♥ts st♦❝❦
✶✲❆♥❣♦❧❛✱ ✷✲❇❡♥✐♥✱ ✸✲❇♦ts✇❛♥❛✱ ✹✲❇✉r❦✐♥❛ ❋❛s♦✱ ✺✲❇✉r✉♥❞✐✱ ✻✲❈❛♠❡r♦♦♥✱ ✼✲❈❡♥tr❛❧ ❆❢r✐❝❛♥ ❘❡♣✉❜❧✐❝✱ ✽✲❈❤❛❞✱ ✾✲❈♦♥❣♦✱
✶✵✲❈ôt❡ ❞✬■✈♦✐r❡✱ ✶✶✲❉❡♠♦❝r❛t✐❝ ❘❡♣✉❜❧✐❝ ♦❢ t❤❡ ❈♦♥❣♦✱ ✶✷✲❊q✉❛t♦r✐❛❧ ●✉✐♥❡❛✱ ✶✸✲❊r✐tr❡❛✱ ✶✹✲❊t❤✐♦♣✐❛✱ ✶✺✲●❛❜♦♥✱ ✶✻✲
●❛♠❜✐❛✱ ✶✼✲●❤❛♥❛✱ ✶✽✲●✉✐♥❡❛✱ ✶✾✲●✉✐♥❡❛✲❇✐ss❛✉✱ ✷✵✲❑❡♥②❛✱ ✷✶✲▲❡s♦t❤♦✱ ✷✷✲▲✐❜❡r✐❛✱ ✷✸✲▼❛❞❛❣❛s❝❛r✱ ✷✹✲▼❛❧❛✇✐✱ ✷✺✲
▼❛❧✐✱ ✷✻✲▼❛✉r✐t❛♥✐❛✱ ✷✼✲▼♦③❛♠❜✐q✉❡✱ ✷✽✲◆❛♠✐❜✐❛✱ ✷✾✲◆✐❣❡r✱ ✸✵✲◆✐❣❡r✐❛✱ ✸✶✲❘✇❛♥❞❛✱ ✸✷✲❙❡♥❡❣❛❧✱ ✸✸✲❙✐❡rr❛ ▲❡♦♥❡✱ ✸✹✲
❙♦✉t❤ ❆❢r✐❝❛✱ ✸✺✲❙✇❛③✐❧❛♥❞✱ ✸✻✲❚❛♥③❛♥✐❛✱ ✸✼✲❚♦❣♦✱ ✸✽✲❯❣❛♥❞❛✱ ✸✾✲❩❛♠❜✐❛✱ ✹✵✲❩✐♠❜❛❜✇❡✱ ✹✶✲❙✉❞❛♥✳
❚❤❡ ❛❞❞❡❞ ✈❛❧✉❡ ♦❢ t❤✐s st✉❞② ✐s ✐♥ t✇♦❢♦❧❞✳ ❋✐rst❧②✱ r❡✈❡rs❡❧② ❛ss❡ss✐♥❣ t❤❡ ♠✐❣r❛t✐♦♥✲
✐♥st❛❜✐❧✐t② ♥❡①✉s✱ t❤✐s ♣❛♣❡r ❣❡♥✉✐♥❡❧② t❛r❣❡ts r✐♦ts✱ ♣r♦t❡sts ❛♥❞ ✈✐♦❧❡♥❝❡ ♦❝❝✉rr❡♥❝❡✳
❙❡❝♦♥❞❧②✱ ✐t ❤✐❣❤❧✐❣❤ts t❤❡ ❡①✐st❡♥❝❡ ♦❢ s♣❛t✐❛❧ ❝♦♥t❛❣✐♦♥s ✐♥ r✐♦ts ❛♥❞ ♣r♦t❡sts ❛♠♦♥❣
❙❙❆ ❝♦✉♥tr✐❡s ❛♥❞ ❛❝❝♦✉♥ts ❢♦r ✐♥✈❡rs❡ ❝❛✉s❛❧✐t② ✐♥ t❤❡ ♠✐❣r❛t✐♦♥✲✐♥st❛❜✐❧✐t② ❧✐♥❦✳ ❚♦
t❤❡ ❜❡st ♦❢ ♦✉r ❦♥♦✇❧❡❞❣❡✱ t❤✐s ✐s t❤❡ ✜rst st✉❞② ❛♥❛❧②s✐♥❣ t❤❡ ❛❞✈❡rs❡ ❡✛❡❝ts ♦❢ ♠✐❣r❛✲
t✐♦♥ ✐♥ ❡♥❤❛♥❝✐♥❣ ❵r✐♦ts ❛♥❞ ♣r♦t❡sts✬ ✐♥ ❙❙❆✳ ❚❤❡r❡❜②✱ ✇❡ ✜rst ♣r♦♣♦s❡ ❛ ❧♦❝❛❧ ❝♦♥st❛♥t
❦❡r♥❡❧ r❡❣r❡ss✐♦♥ t♦ ❣❧♦❜❛❧❧② ❛ss❡ss t❤❡ s❤❛♣❡ ♦❢ t❤❡ ♠✐❣r❛♥ts st♦❝❦ ❛♥❞ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t②
♥❡①✉s✳ ❙❡❝♦♥❞❧②✱ ✇❡ ♣❡r❢♦r♠ ❛ s♣❛t✐❛❧ r❡❣r❡ss✐♦♥ ❛♥❛❧②s✐s t♦ ✇♦r❦ ♦✉t ❝❛✉s❛❧ ❧✐♥❦ ❛♥❞
✜♥❞ r❡s✉❧ts s✉❣❣❡st✐♥❣ t❤❛t ✐♥❝r❡❛s✐♥❣ ♠✐❣r❛♥t st♦❝❦ ✐♥t❡♥s✐✜❡s s♦❝✐❛❧ ✐♥st❛❜✐❧✐t✐❡s✳ ❚❤❡
♣r♦①✐❡s ❢♦r s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ❜❡✐♥❣ ❝♦✉♥tr②✲❧❡✈❡❧ ❞❛t❛✱ ♦✉r r❡s✉❧ts s❤♦✉❧❞ ❜❡ ❝❛r❡❢✉❧❧②
✐♥t❡r♣r❡t❡❞✳ ■♥ ❛♥② ❝❛s❡✱ t❤❡② ❞♦ ♥♦t s②st❡♠❛t✐❝❛❧❧② ✐♠♣❧② t❤❛t ♠✐❣r❛♥ts ❛r❡ t❤❡ ♠♦st
♣r♦♥❡ ♦r ❛r❡ t❤❡ ♦♥❧② ♦♥❡s t♦ ♣r♦t❡st ♦r r❡✈♦❧t✳
❙❡❝t✐♦♥s ✷ ❛♥❞ ✸ r❡s♣❡❝t✐✈❡❧② ♦✈❡r✈✐❡✇ t❤❡ r❡❧❛t❡❞ ❧✐t❡r❛t✉r❡ ❛♥❞ ♣r❡s❡♥t ♦✉r ❞❛t❛✳
✷
❙❡❝t✐♦♥ ✹ s❤♦✇s ♣❛tt❡r♥s ♦❢ t❤❡ ♠✐❣r❛t✐♦♥✲✐♥st❛❜✐❧✐t② ✐♥t❡r❝♦♥♥❡❝t✐♦♥✳ ■♥ ❙❡❝t✐♦♥ ✺✱ ✇❡
♦✉t❧✐♥❡ t❤❡ ♠❛✐♥ ❡❝♦♥♦♠❡tr✐❝ s♣❡❝✐✜❝❛t✐♦♥✳ ❙❡❝t✐♦♥ ✻ ♣r❡s❡♥ts ❛♥❞ ❞✐s❝✉ss❡s ♦✉r r❡s✉❧ts✳
■♥ ❙❡❝t✐♦♥ ✼ ❛♥❞ ✽✱ ✇❡ ❝❤❡❝❦ t❤❡ r❡s✉❧ts ❢♦r r♦❜✉st♥❡ss ❛♥❞ ❝♦♥❝❧✉❞❡ t❤❡ ❛♥❛❧②s✐s✳
✷✳ ❘❡❧❛t❡❞ ❧✐t❡r❛t✉r❡
❚❤❡ ❡①✐st✐♥❣ st✉❞✐❡s ❛r❡ ✉♥❛♥✐♠♦✉s ✐♥ ✐❞❡♥t✐❢②✐♥❣ ♠❛ss ♣♦♣✉❧❛t✐♦♥ ✢♦✇s ❛s ❛ ❞✐r❡❝t
❝♦♥s❡q✉❡♥❝❡ ♦❢ ♥❛t✐♦♥❛❧ ❛♥❞ ✐♥t❡r♥❛t✐♦♥❛❧ ❝♦♥✢✐❝ts ✭❉❛✈❡♥♣♦rt ❡t ❛❧✳✱ ✷✵✵✸❀ ▼♦♦r❡ ❛♥❞
❙❤❡❧❧♠❛♥✱ ✷✵✵✼❀ ❘✉❜✐♥ ❛♥❞ ▼♦♦r❡✱ ✷✵✵✼✮✳ ❘❡✈❡rs❡❧②✱ t❤❡ ♣♦t❡♥t✐❛❧ ❢♦r ♠✐❣r❛♥ts st♦❝❦
t♦ ❝❛✉s❡ s♦❝✐❛❧ ✉♥r❡st r❡♠❛✐♥s ♦♣❡♥ t♦ ❞❡❜❛t❡✱ ♠♦t✐✈❛t✐♥❣ ♦✉r st✉❞②✳ ❚❤❡r❡❢♦r❡✱ t❤✐s
❧✐t❡r❛t✉r❡ r❡✈✐❡✇ ❢♦❝✉s❡s ♦♥ t❤❡ ❞❡t❡r♠✐♥❛♥ts ♦❢ ❝♦♥✢✐❝ts ❛♥❞ ✐t ❢✉rt❤❡r ♦✉t❧✐♥❡s t❤❡
♠♦st r❡❝✉rr❡♥t tr❛♥s♠✐ss✐♦♥ ❝❤❛♥♥❡❧s✳
❘❡❝❡♥t t❤❡♦r❡t✐❝❛❧ ❝♦♥tr✐❜✉t✐♦♥s ❜② ❆③❛♠ ✭✷✵✵✸✮✱ ❑✐♣ré ✭✷✵✵✻✮✱ ❘❡✉✈❡♥② ✭✷✵✵✼✮✱
❘♦❝❝♦ ❛♥❞ ❇❛❧❧♦ ✭✷✵✵✽✮✱ ▼❛rt✐♥ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ❉❛❧ ❇ó ❛♥❞ ❉❛❧ ❇ó ✭✷✵✶✷✮✱ ❛♠♦♥❣ ♦t❤✲
❡rs✱ ❞✐s❝✉ss❡❞ t❤❡ ❝❤❛♥♥❡❧s t❤r♦✉❣❤ ✇❤✐❝❤ ❜✐❧❛t❡r❛❧ ♠✐❣r❛t✐♦♥ ❛✛❡❝ts t❤❡ ♣r❡✈❛❧❡♥❝❡ ♦❢
❝♦♥✢✐❝ts ❜❡t✇❡❡♥ t❤❡ ♦r✐❣✐♥ ❛♥❞ ❞❡st✐♥❛t✐♦♥ ❝♦✉♥tr✐❡s✳ ❚❡st✐♥❣ t❤❡♦r❡t✐❝❛❧ ❝♦♥❝❧✉s✐♦♥s✱
❉♦❝q✉✐❡r ❡t ❛❧✳ ✭✷✵✶✽✮ ✜♥❞ ♣♦s✐t✐✈❡ ✐♠♣❛❝ts ♦❢ ♠✐❣r❛t✐♦♥ ✐♥ ✐♥t❡rst❛t❡ ❝♦♥✢✐❝ts ♦❝❝✉r✲
r❡♥❝❡✳ ❙✐♠✐❧❛r❧②✱ ❘❡✉✈❡♥② ✭✷✵✵✼✮ ❢♦❝✉s❡s ♦♥ ♠✐❣r❛t✐♦♥ ❝❛✉s❡❞ ❜② t❤❡ ❛❜s❡♥❝❡ ♦❢ ❛r❛❜❧❡
❧❛♥❞✱ ❢r❡s❤✇❛t❡r ❛♥❞ ♥❛t✉r❛❧ ❞✐s❛st❡rs t♦ ❡①♣❧❛✐♥ ❤♦✇ t❤❡ ❛rr✐✈❛❧ ♦❢ ♠❛ss ❡♥✈✐r♦♥♠❡♥t❛❧
♠✐❣r❛♥ts ❝❛♥ ❧❡❛❞ t♦ ♥❛t✐✈❡s✲♠✐❣r❛♥ts ❝♦♥t❡sts ♦✈❡r r❡s♦✉r❝❡s✳ ■♥ ❛ s❧✐❣❤t❧② ❞✐✛❡r❡♥t
♣❡rs♣❡❝t✐✈❡✱ ❆③❛♠ ✭✷✵✵✸✮ ❛♥❞ ❉❛❧ ❇ó ❛♥❞ ❉❛❧ ❇ó ✭✷✵✶✷✮ ❞✐s❝✉ss ♣♦❧✐❝② str❛t❡❣✐❡s t♦
❛✈♦✐❞ s♦❝✐❛❧ ❝♦♥✢✐❝ts ❛♥❞ ✐♥s✉r❣❡♥❝❡s✱ ✇❤✐❧❡ ▼❛rt✐♥ ❡t ❛❧✳ ✭✷✵✵✽✮ ❛♥❛❧②s❡ t❤❡ r♦❧❡ ♦❢
tr❛❞❡ ✐♥ ♣r♦♠♦t✐♥❣ ♣❡❛❝❡✳
❆ ❧❛r❣❡ ❜♦❞② ♦❢ ❡♠♣✐r✐❝❛❧ ✇♦r❦s ❤❛✈❡ ❜❡❡♥ ❞❡✈♦t❡❞ t♦ t❤❡ ❞❡t❡r♠✐♥❛♥ts ♦❢ ❝♦♥✢✐❝ts
❛♥❞ ❛♠♦♥❣ ♦t❤❡rs ●❤♦❜❛r❛❤ ❡t ❛❧✳ ✭✷✵✵✸✮✱ ❈♦❧❧✐❡r ❛♥❞ ❍♦❡✤❡r ✭✷✵✵✹✮✱ ❘❡✉✈❡♥② ✭✷✵✵✼✮✱
❋❡❛r♦♥ ❛♥❞ ▲❛✐t✐♥ ✭✷✵✶✶✮✱ ●♦♥③❛❧❡③✲●❛r❝✐❛ ❡t ❛❧✳ ✭✷✵✶✻✮ ❛♥❞ ❋r❡❡♠❛♥ ✭✷✵✶✼✮✳ ❆t ❣❧♦❜❛❧
❧❡✈❡❧✱ ❈♦❧❧✐❡r ❛♥❞ ❍♦❡✤❡r ✭✷✵✵✹✮ ✐♥✈❡st✐❣❛t❡ t❤❡ ❞r✐✈❡rs ♦❢ ❝✐✈✐❧ ✇❛rs ❛♥❞ ✐❞❡♥t✐❢② ✐♥❝♦♠❡
✐♥❡q✉❛❧✐t✐❡s✱ ✇❡❛❦ ♣♦❧✐t✐❝❛❧ ✐♥st✐t✉t✐♦♥s ❛s ✇❡❧❧ ❛s ❤✐❣❤ ❡t❤♥✐❝ ❛♥❞ r❡❧✐❣✐♦✉s ❞✐✈✐s✐♦♥s✱
✇❤✐❧❡ ▼✐❧❧❡r ❛♥❞ ❘✐tt❡r ✭✷✵✶✹✮ ❛r❣✉❡ t❤❛t ♠✐❣r❛♥ts st♦❝❦ ❞r✐✈❡s ❝♦♥✢✐❝ts ♦❝❝✉rr❡♥❝❡
✐♥ ❜♦t❤ t❤❡✐r ❤♦st ❝♦✉♥tr✐❡s ❛♥❞ ❝♦✉♥tr✐❡s ♦❢ ♦r✐❣✐♥✳ ▼♦r❡♦✈❡r✱ t❤❡ ❡①t❡r♥❛❧✐t✐❡s ❛♥❞
❝♦♥s❡q✉❡♥❝❡s ♦❢ ❝✐✈✐❧ ✉♥r❡st ❛r❡ ❞✐s❝✉ss❡❞ ✐♥ ●❤♦❜❛r❛❤ ❡t ❛❧✳ ✭✷✵✵✸✮ ❛♥❞ ❙❛❧❡❤②❛♥ ❛♥❞
●❧❡❞✐ts❝❤ ✭✷✵✵✻✮ t♦ ❝♦♥❝❧✉❞❡ t❤❛t ✢♦✇s ♦❢ r❡❢✉❣❡❡s ❛r❡ ❛❧s♦ r❡s♣♦♥s✐❜❧❡ ❢♦r t❤❡ s♣r❡❛❞
✸
♦❢ ❛r♠❡❞ ❝♦♥✢✐❝ts ✐♥ t❤❡ ❤♦st ❝♦✉♥tr✐❡s✱ ♣❛rt✐❝✉❧❛r❧② ✐♥ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s ✭❙❛❧❡❤②❛♥✱
✷✵✵✽✮✳ ❋❡❛r♦♥ ❛♥❞ ▲❛✐t✐♥ ✭✷✵✶✶✮ ❛♥❞ ❈ôté ❛♥❞ ▼✐t❝❤❡❧❧ ✭✷✵✶✼✮ ❢♦❝✉s ♦♥ ♠✐❣r❛♥ts✬
r♦❧❡ ✐♥ ❡t❤♥✐❝ ❛♥❞ ❵❙♦♥s ♦❢ t❤❡ ❙♦✐❧✬ ❝♦♥✢✐❝ts✱ ✇❤❡r❡❛s ❘❡✉✈❡♥② ✭✷✵✵✼✮✱ ▼✐❝❤❛❡❧ ❛♥❞
❈♦♥❧❡② ✭✷✵✶✷✮ ❛♥❞ ❇✉rr♦✇s ❛♥❞ ❑✐♥♥❡② ✭✷✵✶✻✮ ❡①♣❧♦r❡ t❤❡ r♦❧❡ ♦❢ ❝❧✐♠❛t❡ ✐♥ ✐♥❞✉❝✐♥❣
♣♦♣✉❧❛t✐♦♥ ❞✐s♣❧❛❝❡♠❡♥t ❛♥❞ s♦❝✐❛❧ ❝♦♥✢✐❝ts✳
■♥ t❤❡ ❆❢r✐❝❛♥ ❝♦♥t❡①t✱ ❛ s✐❣♥✐✜❝❛♥t ♥✉♠❜❡r ♦❢ st✉❞✐❡s ❢♦❝✉s ♦♥ t❤❡ ❞❡t❡r♠✐♥❛♥ts
♦❢ ❝✐✈✐❧ ✇❛rs ❛♥❞ ✐♥t❡r✲st❛t❡ ❝♦♥✢✐❝ts ♦❝❝✉rr❡♥❝❡✳ ■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ❡t❤♥✐❝✐t② ❛♥❞
r❡s♦✉r❝❡ ❛❜✉♥❞❛♥❝❡✲❝♦♥✢✐❝ts ❤②♣♦t❤❡s❡s ❧❛r❣❡❧② ❞✐s❝✉ss❡❞ ✐♥ r❡❝❡♥t s❝❤♦❧❛rs❤✐♣ ✭❋❡❛r♦♥
❛♥❞ ▲❛✐t✐♥✱ ✷✵✵✵✱ ✷✵✵✸❀ ❍♦r♦✇✐t③✱ ✷✵✵✶❀ ▲❡ ❇✐❧❧♦♥ ✷✵✵✶✮✱ ❡❝♦♥♦♠✐❝ ♣❡r❢♦r♠❛♥❝❡s ❛♣♣❡❛r
t♦ ❜❡ ♥♦♥✲♥❡✉tr❛❧ ✐♥ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ❝♦♥✢✐❝ts ❛❝r♦ss ❆❢r✐❝❛✳ ❆♠♦♥❣ ♦t❤❡rs✱ ❈♦❧❧✐❡r ❛♥❞
❍♦❡✤❡r ✭✶✾✾✽✱ ✷✵✵✷✮ ❛♥❞ ▼✐❣✉❡❧ ❡t ❛❧✳ ✭✷✵✵✹✱ ✷✵✶✶✮ ❤♦❧❞ ♣♦♦r ❡❝♦♥♦♠✐❝ ♣❡r❢♦r♠❛♥❝❡s
❛♥❞ ✐♥❝♦♠❡ ✐♥❡q✉❛❧✐t✐❡s r❡s♣♦♥s✐❜❧❡ ❢♦r ❝♦♥✢✐❝ts✱ ✇❤✐❧st ❇❛❤❛✉❣ ❛♥❞ ❘♦❞ ✭✷✵✵✻✮ ✇♦r❦
♦✉t ❧♦❝❛❧ ❝❛t❛❧②st ♦❢ ❝♦♥✢✐❝ts s✉❝❤ ❛s ♣♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② ❛♥❞ ✉r❜❛♥✐③❛t✐♦♥✳ ❋♦r ▼✐❣✉❡❧
❡t ❛❧✳ ✭✷✵✵✹✮ ❛♥❞ ❍❡♥❞r✐① ❛♥❞ ❙❛❧❡❤②❛♥ ✭✷✵✶✷✮ ❝❤❛♥❣❡s ✐♥ ❝❧✐♠❛t❡ ❛♥❞ ❞❡✈✐❛t✐♦♥s ✐♥
r❛✐♥❢❛❧❧ ♣❛tt❡r♥s ❛❧s♦ ❧❡❛❞ t♦ ❞✐sr✉♣t✐✈❡ ❛❝t✐✈✐t✐❡s ✐♥ ❆❢r✐❝❛ ✐♥❝❧✉❞✐♥❣ r✐♦ts ❛♥❞ ❛♥t✐✲
❣♦✈❡r♥♠❡♥t ♣r♦t❡sts✳
❋✐♥❛❧❧②✱ r❡s❡❛r❝❤❡rs ❛❧s♦ ❞✐s❝✉ss ✇❤❡t❤❡r ♠✐❣r❛t✐♦♥ ✐s ❛ ♣❛❝✐✜❡r ♦r tr✐❣❣❡r ♦❢ ❝♦♥✲
✢✐❝ts✱ ✇♦r❦✐♥❣ ♦✉t s♦♠❡ tr❛♥s♠✐ss✐♦♥ ❝❤❛♥♥❡❧s✳ ■♥ t❤✐s✱ ❇✉rr♦✇s ❛♥❞ ❑✐♥♥❡② ✭✷✵✶✻✮
♠❡♥t✐♦♥ t❤❡ r♦❧❡ ♦❢ r❡❧✐❣✐♦♥✱ ❡t❤♥✐❝✐t②✱ r❡s♦✉r❝❡ s❝❛r❝✐t② ❛♥❞ ❜✉s✐♥❡ss ❝♦♠♣❡t✐t✐♦♥✳ ❈♦♠✲
♣❡t✐♥❣ ✇✐t❤ ❧♦❝❛❧s ❢♦r ❥♦❜s✱ r❡s♦✉r❝❡s ❛♥❞ ♦♣♣♦rt✉♥✐t✐❡s✱ ♠✐❣r❛♥ts✬ ❵♦t❤❡r♥❡ss✬ ❧✐❦❡❧②
♣r♦✈♦❦❡s r❡s❡♥t♠❡♥t ❛♥❞ ❢✉rt❤❡r ❡①❛❝❡r❜❛t❡ ❧♦❝❛❧ ❝♦♥✢✐❝ts✳ ■♥ ❛♥ ✐♥t❡rst❛t❡ ♦r ❜✐❧❛t❡r❛❧
♣❡rs♣❡❝t✐✈❡✱ ▼✐❧❧❡r ❛♥❞ ❘✐tt❡r ✭✷✵✶✹✮ ❛♥❞ ❉♦❝q✉✐❡r ❡t ❛❧✳ ✭✷✵✶✽✮ ❞✐s❝✉ss ❤♦✇ ♠✐❣r❛t✐♦♥
t❤r♦✉❣❤ ✐♥t❡r❡st ❣r♦✉♣✱ str❛t❡❣✐❝ ❛❞✈❛♥t❛❣❡✱ ✐♠♠✐❣r❛t✐♦♥ ❝♦st ❛♥❞ ❡t❤♥✐❝ t❡♥s✐♦♥s ❡♥✲
❤❛♥❝❡ s♦❝✐❛❧ ✉♥r❡st✳ ▼✐❣r❛♥ts✬ ✈♦t❡ ✐♥ ❤♦st ❝♦✉♥tr✐❡s ❛♥❞ ❧♦❜❜②✐s♠ ❢♦r ✐♥st❛♥❝❡ ✐♥✢✉❡♥❝❡
♣✉❜❧✐❝ ♦♣✐♥✐♦♥ ❛♥❞ ❧✐❦❡❧② r❛✐s❡ ✐♥❝❡♥t✐✈❡ t♦ ✐♥t❡r✈❡♥❡ ✐♥ t❤❡✐r ❤♦♠❡ ❝♦✉♥tr✐❡s✱ ❧❡❛❞✐♥❣
t♦ ✐♥t❡rst❛t❡ ❝♦♥✢✐❝ts✳ ❘❡❣❛r❞✐♥❣ ✐♠♠✐❣r❛t✐♦♥ ❝♦sts✱ ♥❛t✐♦♥❛❧s ❝♦♥s✐❞❡r t❤❛t ♠✐❣r❛t✐♦♥
♥❡❣❛t✐✈❡❧② ❛✛❡❝t ✇❛❣❡s✱ ✇❡❧❢❛r❡ ❛♥❞ r❡❞✉❝❡ t❤❡✐r ❝❤❛♥❝❡s t♦ ❜❡ ❡♠♣❧♦②❡❞✱ ❧❡❛❞✐♥❣ t♦
♣r♦t❡sts✳ ▼♦r❡♦✈❡r✱ ❡t❤♥✐❝ ❛♥❞ r❡❧✐❣✐♦✉s t❡♥s✐♦♥s ❜❡t✇❡❡♥ ♠✐❣r❛♥ts ❛♥❞ ❧♦❝❛❧s ♠❛② ❧❡❛❞s
t♦ r✐♦ts ❛♥❞ ♣r♦t❡sts ❢r♦♠ ♥❛t✐♦♥❛❧s✳
✹
❇❛s❡❞ ♦♥ t❤✐s ♠✐❣r❛t✐♦♥✲❝♦♥✢✐❝ts ❧✐t❡r❛t✉r❡ r❡✈✐❡✇✱ r❡❝✉rr❡♥t ❞❡t❡r♠✐♥❛♥ts ♦❢ s♦❝✐❛❧
❝♦♥✢✐❝ts s✉❝❤ ❛s ✐♥❝♦♠❡ ❧❡✈❡❧✱ tr❛❞❡ ♦♣❡♥♥❡ss✱ ❝♦❧♦♥✐❛❧ ❤✐st♦r②✱ ❡♥❞♦✇♠❡♥t ✐♥ ♥❛t✉r❛❧
r❡s♦✉r❝❡s ❛♥❞ ❢♦r❡✐❣♥ ❞✐r❡❝t ✐♥✈❡st♠❡♥ts ✭❋❉■✱ ♥❡t ✐♥✢♦✇s✮ s❤♦✉❧❞ ❜❡ ❛❝❝♦✉♥t❡❞ ❢♦r ✐♥
♦✉r ❛♥❛❧②s✐s✳ ❚❤❡ ❢♦❧❧♦✇✐♥❣ s❡❝t✐♦♥ ❞❡s❝r✐❜❡s t❤❡ ❞❛t❛✳
✸✳ ❉❛t❛ ❛♥❞ ❞❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s
❊♠♣✐r✐❝❛❧❧② ❛ss❡ss✐♥❣ t❤❡ ♠✐❣r❛t✐♦♥ ❛♥❞ s♦❝✐❛❧ ❝♦♥✢✐❝ts ♥❡①✉s✱ ✇❡ ❡①♣❧♦✐t ❞❛t❛ r❡✲
✢❡❝t✐♥❣ t❤❡ ❡❝♦♥♦♠✐❝✱ s♦❝✐❛❧ ❛♥❞ ♣♦❧✐t✐❝❛❧ r❡❛❧✐t✐❡s ✐♥ t❤❡ ❝♦♥s✐❞❡r❡❞ t❡rr✐t♦r✐❡s✳ ❋♦r
t❤✐s ♣✉r♣♦s❡✱ ✇❡ ❝♦❧❧❡❝t❡❞ s♦❝✐♦✲❡❝♦♥♦♠✐❝ ❞❛t❛ ❢r♦♠ t❤❡ ❲♦r❧❞ ❉❡✈❡❧♦♣♠❡♥t ■♥❞✐❝❛t♦r
✭❲❉■✮ ❛❧♦♥❣ ✇✐t❤ s❡r✐❡s ❢r♦♠ t❤❡❲♦r❧❞ ●♦✈❡r♥❛♥❝❡ ■♥❞✐❝❛t♦rs ✭❲●■✮✳ ❚❤❡s❡ ❡ss❡♥t✐❛❧❧②
❛r❡ s❡r✐❡s ♦♥ ●❉P ♣❡r ❝❛♣✐t❛✱ ❛❣r✐❝✉❧t✉r❛❧ ❛❞❞❡❞ ✈❛❧✉❡✱ tr❛❞❡ ✭✐♠♣♦rts ❛♥❞ ❡①♣♦rts✮
❛♥❞ s❡r✐❡s ♦♥ ❞❡♠♦❣r❛♣❤✐❝ ❞②♥❛♠✐❝s s✉❝❤ ❛s t♦t❛❧ ♣♦♣✉❧❛t✐♦♥ ❛♥❞ ♣♦♣✉❧❛t✐♦♥ ❞❡♥s✐t②✳
❘❡❣❛r❞✐♥❣ ♣♦❧✐t✐❝❛❧ ✐♥st✐t✉t✐♦♥s✱ ✇❡ ♠❛✐♥❧② ❝♦♥s✐❞❡r ✐♥❞✐❝❛t♦rs ♦❢ ♣♦❧✐t✐❝❛❧ st❛❜✐❧✐t②✱ ❝♦♥✲
tr♦❧ ♦❢ ❝♦rr✉♣t✐♦♥ ❛♥❞ q✉❛❧✐t② ♦❢ ❣♦✈❡r♥❛♥❝❡ r❡❣✉❧❛t✐♦♥s✱ ❛s ❜♦t❤ ❝♦♥✢✐❝ts ❛♥❞ ♠✐❣r❛t✐♦♥
❛r❡ ❧✐❦❡❧② ♣♦❧✐t✐❝❛❧ ✐♥st✐t✉t✐♦♥s r❡❧❛t❡❞✳
❆s ♣r♦①✐❡s ❢♦r s♦❝✐❛❧ ❝♦♥✢✐❝ts ❛♥❞ ♠✐❣r❛t✐♦♥✱ ❝♦✉♥ts ♦❢ ❵r✐♦ts ❛♥❞ ♣r♦t❡sts✬✱ ❵✈✐✲
♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s✬ ❛♥❞ ♠✐❣r❛♥t ♣♦♣✉❧❛t✐♦♥ ❛r❡ ❝♦♥s✐❞❡r❡❞✳ ❚❤❡ s❡r✐❡s ♦♥ s♦❝✐❛❧
❝♦♥✢✐❝ts ❢r♦♠ t❤❡ ❆r♠❡❞ ❈♦♥✢✐❝t ▲♦❝❛t✐♦♥ ❛♥❞ ❊✈❡♥t ❉❛t❛ ✭❆❈▲❊❉✮ r❡♣r❡s❡♥t ♦✉r
♠❛✐♥ ✐♥❞✐❝❛t♦rs ♦❢ s♠❛❧❧✲s❝❛❧❡ ❝♦♥✢✐❝ts ❛♥❞ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t②✳✷ ❆❧t♦❣❡t❤❡r✱ t❤❡ ❞❛t❛s❡t
✐♥❝❧✉❞❡s ✹✶ ❙❙❆ ❝♦✉♥tr✐❡s ♦❜s❡r✈❡❞ ❜❡t✇❡❡♥ ✶✾✾✼✲✷✵✶✵✳ ❚❛❜❧❡ ✶ ❜❡❧♦✇ q✉❛♥t✐t❛t✐✈❡❧②
❞❡s❝r✐❜❡s t❤❡ s❡r✐❡s ✐♥✈♦❧✈❡❞ ✐♥ t❤❡ r❡❣r❡ss✐♦♥ ❛♥❛❧②s✐s✳
❖❜s❡r✈✐♥❣ t❤❡ ❞❛t❛s❡t✱ t❤❡ ❤✐❣❤❡st ✭❧♦✇❡st✮ ❧❡✈❡❧s ✐♥ ●❉P ♣❡r ❝❛♣✐t❛✱ ♣♦♣✉❧❛t✐♦♥
❞❡♥s✐t② ❛♥❞ ♣♦❧✐t✐❝❛❧ st❛❜✐❧✐t② ❛r❡ r❡s♣❡❝t✐✈❡❧② ♦❜s❡r✈❡❞ ✐♥ ❊q✉❛t♦r✐❛❧ ●✉✐♥❡❛✱ ●❛❜♦♥
✭▲✐❜❡r✐❛ ❛♥❞ ❉❡♠✳ ❘❡♣✳ ❈♦♥❣♦✮✱ ❘✇❛♥❞❛ ❛♥❞ ❇✉r✉♥❞✐ ✭◆❛♠✐❜✐❛ ❛♥❞ ▼❛✉r✐t❛♥✐❛✮✱ ❛♥❞
✐♥ ❙✇❛③✐❧❛♥❞ ❛♥❞ ●❤❛♥❛ ✭❉❡♠✳ ❘❡♣✳ ❈♦♥❣♦ ❛♥❞ ❇✉r✉♥❞✐✮✳ ▼♦r❡♦✈❡r✱ t❤❡ st❛♥❞❛r❞
❞❡✈✐❛t✐♦♥ ♦❢ ●❉P ♣❡r ❝❛♣✐t❛ ❛♥❞ ♣♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② ✭❚❛❜❧❡ ✶✮ s❤♦✇ ❤✐❣❤ ✈❛❧✉❡s ✐♥❞✐✲
❝❛t✐♥❣ ♥♦t ♦♥❧② ❤❡t❡r♦❣❡♥❡✐t② ✐♥ ♦✉r s❛♠♣❧❡✱ ❜✉t ❛❧s♦ ❡①✐st✐♥❣ ❞✐s♣❛r✐t✐❡s ❛♠♦♥❣ ❙❙❆
❝♦✉♥tr✐❡s ❞❡s♣✐t❡ t❤❡✐r ❝♦♠♠♦♥ ❣❡♦❣r❛♣❤✐❝❛❧ ❧♦❝❛t✐♦♥✳ ❙✐♠✐❧❛r❧②✱ ❝♦♥❝❡r♥✐♥❣ ♦✉r ✐♥❞✐✲
❝❛t♦rs ♦❢ ❝♦♥✢✐❝ts ❛♥❞ ♠✐❣r❛t✐♦♥✱ t❤❡ ❤✐❣❤❡st ✭❧♦✇❡st✮ ♦❝❝✉rr❡♥❝❡ ♦❢ ❵r✐♦ts ❛♥❞ ♣r♦t❡st✬
✷■t ✐s t♦ ♠❡♥t✐♦♥ t❤❛t t❤❡ ❲♦r❧❞ ❉❡✈❡❧♦♣♠❡♥t ■♥❞✐❝❛t♦r ♦❢ ♠✐❣r❛♥t ♣♦♣✉❧❛t✐♦♥ ❛❧s♦ ✐♥❝❧✉❞❡s r❡❢✉❣❡❡s
✺
❛♥❞ ♣♦♣✉❧❛t✐♦♥ s❤❛r❡ ♦❢ ♠✐❣r❛♥ts ❛r❡ r❡s♣❡❝t✐✈❡❧② ♦❜s❡r✈❡❞ ✐♥ ❙♦✉t❤ ❆❢r✐❝❛ ❛♥❞ ❑❡♥②❛
✭❊r✐tr❡❛ ❛♥❞ ❇✉r✉♥❞✐✮✱ ❛♥❞ ✐♥ ❙♦✉t❤ ❆❢r✐❝❛ ❛♥❞ ❈ôt❡ ❞✬■✈♦✐r❡ ✭▲❡s♦t❤♦ ❛♥❞ ❊q✉❛t♦r✐❛❧
●✉✐♥❡❛✮✳
❚❛❜❧❡ ✶✿ ❉❡s❝r✐♣t✐✈❡ ❙t❛t✐st✐❝s
❱❛r✐❛❜❧❡s ❯♥✐ts ▼❡❛♥ ❙✳❉✳ ▼✐♥✳ ▼❛①✳
❙t♦❝❦ ♦❢ ♠✐❣r❛♥ts ■♥ ♠✐❧❧✐♦♥ ✵✳✹✵✷ ✵✳✹✾✷ ✵✳✵✵✺ ✷✳✹✵✼
❱✐♦❧❡♥❝❡s ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s ❈♦✉♥t ✷✼✳✶✻✵ ✻✽✳✸✷✼ ✵ ✼✹✶
❘✐♦ts ❛♥❞ ♣r♦t❡sts ❈♦✉♥t ✶✷✳✺✽✵ ✸✵✳✸✻✷ ✵ ✸✻✽
●P❉ ♣❡r ❝❛♣✐t❛✱ ♣♣♣✳ ■♥ ✶✵✵✵ ❯❙❉ ✷✳✹✽✻ ✸✳✽✺✾ ✷✵✻✳✻✵ ✷✼✳✸✹✻
❆❣r✐❝✉❧t✉r❡✱ ✈❛❧✉❡ ❛❞❞❡❞ ✪ ●❉P ✷✾✳✸✶✻ ✶✻✳✹✼✸ ✷✳✵✸✷ ✽✵✳✵✼✺
❘❡♥t ♦❢ ♥❛t✉r❛❧ r❡s♦✉r❝❡s ✪ ●❉P ✶✹✳✾✼✽ ✶✹✳✽✺✽ ✵✳✶✽✹ ✽✾✳✶✻✻
❚r❛❞❡ ♦❢ ❣♦♦❞ ✫ s❡r✈✐❝❡s ✪ ●❉P ✼✺✳✸✶✵ ✸✽✳✼✵✶ ✶✼✳✽✻✵ ✷✼✺✳✷✸✵
●♦✈❡r♥♠❡♥t ❡①♣❡♥❞✐t✉r❡s ✪ ●❉P ✶✹✳✸✾✻ ✼✳✻✾✹ ✷✳✵✹✼ ✻✾✳✺✹✸
P♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② ■♥ ✶✵✵✵✴❦♠2 ✻✵✳✹✸✷ ✼✸✳✽✶✽ ✷✳✶✸✺ ✹✸✾✳✷✻✽
P♦❧✐t✐❝❛❧ ❙t❛❜✐❧✐t② ■♥❞❡① ✲✵✳✺✹✷ ✵✳✾✸✵ ✲✷✳✾✾✺ ✶✳✸✽✾
❘❡❣✉❧❛t✐♦♥ q✉❛❧✐t② ■♥❞❡① ✲✵✳✺✶✻ ✵✳✽✶✼ ✲✷✳✹✶✸ ✶✳✻✾✶
◆♦t❡s✿ ◆✉♠❜❡r ♦❢ ❝♦✉♥tr✐❡s✱ ♥ ❂ ✹✶✳ P❡r✐♦❞✱ t ❂ ✶✹✳ ◆✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s✱ ❚ ❂ ✺✼✹✳
✹✳ ❚❤❡ ♠✐❣r❛t✐♦♥ ❛♥❞ s♦❝✐❛❧ ❝♦♥✢✐❝ts ♥❡①✉s
✹✳✶✳ ❉♦❡s ♠✐❣r❛♥ts st♦❝❦ ●r❛♥❣❡r ❝❛✉s❡ s♦❝✐❛❧ ❝♦♥✢✐❝ts
❇❡✐♥❣ ❛✇❛r❡ t❤❛t ❝♦rr❡❧❛t✐♦♥s ❜❡t✇❡❡♥ s♦❝✐❛❧ ❝♦♥✢✐❝ts ❛♥❞ ♠✐❣r❛♥ts st♦❝❦ s✉❣❣❡st❡❞
❜② ❋✐❣✉r❡ ✶ ♠✐❣❤t ♥♦t ✐♠♣❧② ❝❛✉s❛❧✐t②✱ ✇❡ ✜rst ❡①♣❧♦r❡ t❤❡ ❧❛tt❡r q✉❡st✐♦♥ r❡❧②✐♥❣ ♦♥ ❛
●r❛♥❣❡r ❈❛✉s❛❧✐t② t❡st ❢♦r ♣❛♥❡❧ ❞❛t❛ ✭❉✉♠✐tr❡s❝✉ ❛♥❞ ❍✉r❧✐♥✱ ✷✵✶✷✮✳
✹✳✷✳ ▼✐❣r❛t✐♦♥ ❛♥❞ s♦❝✐❛❧ ❝♦♥✢✐❝ts✿ ❆ ♥♦♥✲♣❛r❛♠❡tr✐❝ ❛ss❡ss♠❡♥t
Pr✐♦r t♦ ♦✉r ♠❛✐♥ r❡❣r❡ss✐♦♥ ❛♥❛❧②s✐s✱ ✇❡ ♣r♦♣♦s❡ ❛ ❧♦❝❛❧ ❝♦♥st❛♥t ❦❡r♥❡❧ r❡❣r❡ss✐♦♥
♦❢ t❤❡ ❝♦♥✢✐❝ts✲♠✐❣r❛t✐♦♥ ♥❡①✉s✳ ❚❤❡ ❧❛tt❡r✱ ❝♦♥tr❛r② t♦ ♣❛r❛♠❡tr✐❝ ❛♥❛❧②s✐s✱ ❞♦❡s ♥♦t
❞✐❝t❛t❡ ❛♥② ❢✉♥❝t✐♦♥❛❧ ❢♦r♠ ❛♥❞ s❡❡♠s ✉♥❧✐❦❡❧② t♦ s✉✛❡r ❢r♦♠ ♠✐ss♣❡❝✐✜❝❛t✐♦♥✳❚❤❡r❡❜②✱
✇❡ ♣❡r❢♦r♠ ❛ ♥♦♥✲♣❛r❛♠❡tr✐❝ ❛♥❛❧②s✐s ❢♦r ❜♦t❤ ✐♥❞✐❝❛t♦rs ♦❢ s♦❝✐❛❧ ❝♦♥✢✐❝ts✳ ❍❡r❡✲
❛❢t❡r✱ t❤❡ r❡s✉❧ts ♦❢ t❤❡ ◆❛❞❛②❛r❛✲❲❛ts♦♥ ❡st✐♠❛t♦r s❤♦✇✐♥❣ t❤❡ ❜❡❤❛✈✐♦✉r ♦❢ ❵r✐♦ts
❛♥❞ ♣r♦t❡sts✬ ❛♥❞ ❵✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s✬ t♦ ♠✐❣r❛♥ts st♦❝❦✳✸
✸❚❤❡ r❛✇ s❡r✐❡s ❛r❡ ❝♦✉♥ts ♦❢ ♠✐❣r❛♥ts✱ ❵r✐♦ts ❛♥❞ ♣r♦t❡sts✬ ❛♥❞ ♦❢ ❵✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s✬✳
P❡r❢♦r♠✐♥❣ t❤✐s r❡❣r❡ss✐♦♥✱ ✇❡ ❧♦❣✲tr❛♥s❢♦r♠ t❤❡ ❞❛t❛ ✉s✐♥❣ ❛ log(xi + c) ♦♣❡r❛t♦r✱ ✇❤❡r❡ c ✐s ❛♥
✻
❖❜s❡r✈✐♥❣ t❤❡ s❤❛♣❡ ♦❢ t❤❡ r❡❣r❡ss✐♦♥✲❧✐♥❡s ❢♦r ❜♦t❤ ✐♥❞✐❝❛t♦rs ♦❢ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t②✱
♦♥❡ r♦✉❣❤❧② ♥♦t✐❝❡s ❛❧♠♦st s✐♠✐❧❛r ♣❛tt❡r♥s✳ ❚❤❡s❡ ❛r❡ s✐♥✉s♦✐❞❛❧ ❜✉t ♦✈❡r❛❧❧ ✉♣✇❛r❞
tr❡♥❞s ❜❡t✇❡❡♥ t❤❡ ♠✐❣r❛♥ts st♦❝❦ ❛♥❞ ♣r♦①✐❡s ❢♦r s♦❝✐❛❧ ❝♦♥✢✐❝ts✳ ❙✉❝❤ r❡s✉❧ts s✉♣✲
♣♦rt t❤❡ ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥s❤✐♣ ❧❛r❣❡❧② ❞✐s❝✉ss❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ❝♦♥❝❡r♥✐♥❣ ❝✐✈✐❧ ✇❛rs✱
✐♥t❡r✲st❛t❡ ❝♦♥✢✐❝ts ❛♥❞ ♠✐❣r❛t✐♦♥✳ ❆❧t❤♦✉❣❤ ♦✉r ✐♥❞✐❝❛t♦rs ♦❢ s♦❝✐❛❧ ❝♦♥✢✐❝ts ❞♦ ♥♦t
✐♥✈♦❧✈❡ ❛r♠❡❞ ❝♦♥✢✐❝ts✱ t❤❡ ♦✉t❝♦♠❡s ♦❢ t❤✐s ♣r✐♠❡r ♥♦♥✲♣❛r❛♠❡tr✐❝ ❛♥❛❧②s✐s s✉❣❣❡st
t❤❛t ✐♥❝r❡❛s✐♥❣ ♠✐❣r❛♥ts st♦❝❦ ✐s ♣♦s✐t✐✈❡❧② ❛ss♦❝✐❛t❡❞ t♦ t❤❡ ♦❝❝✉rr❡♥❝❡ ♦❢ s♠❛❧❧✲s❝❛❧❡
❝♦♥✢✐❝ts ❛♥❞ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ✐♥ ❙❙❆✳
❋✐❣✉r❡ ✷✿ ❙♦❝✐❛❧ ❝♦♥✢✐❝ts ❛♥❞ ♠✐❣r❛t✐♦♥✿ ◆♦♥✲♣❛r❛♠❡tr✐❝ r❡❣r❡ss✐♦♥ ❧✐♥❡s ❛♥❞ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s
❡st✐♠❛t❡❞ ♣❛r❛♠❡t❡r✳ ❋♦r ♠♦r❡ ❞❡t❛✐❧s ♦♥ ♠♦❞✐❢②✐♥❣ ❝♦✉♥ts✱ s❡❡ ❛♠♦♥❣ ♦t❤❡rs ❆♥s❝♦♠❜❡ ✭✶✾✹✽✮✱
❍♦②❧❡ ✭✶✾✼✸✮ ❛♥❞ ▲❛♠❜❡rt ❡t ❛❧✳ ✭✷✵✶✵✮ ❛♥❞ ❈❛♠❡r♦♥ ❛♥❞ ❚r✐✈❡❞✐ ✭✶✾✾✽✮✳ ❙❡❝t✐♦♥ ✻ ♣r♦✈✐❞❡s ♠♦r❡
❞❡t❛✐❧s ♦♥ t❤❡ tr❛♥s❢♦r♠❡❞ ❞❛t❛✳
✼
✺✳ ❊❝♦♥♦♠❡tr✐❝ s♣❡❝✐✜❝❛t✐♦♥
❊♠♣✐r✐❝❛❧❧② t❡st✐♥❣ t❤❡♦r❡t✐❝❛❧ ♣r❡❞✐❝t✐♦♥s ♦♥ s♦❝✐❛❧ ❝♦♥✢✐❝ts ✐♠♣❧✐❝❛t✐♦♥ ♦❢ ♠✐❣r❛✲
t✐♦♥✱ t❤❡ ❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧ r❡❧❛t❡s ❛ ♠❡❛s✉r❡ ♦❢ ❝♦♥✢✐❝ts✱ yit✱ t♦ ❛ ✈❡❝t♦r ♦❢ s♦❝✐♦✲
❡❝♦♥♦♠✐❝ ✐♥❞✐❝❛t♦rs Xit ✭✐♥❝❧✉❞✐♥❣ t❤❡ st♦❝❦ ♦❢ ♠✐❣r❛♥ts✮✳ ■t st❛rts ❜② t❤❡ ❢♦❧❧♦✇✐♥❣
r❡❣r❡ss✐♦♥ ♠♦❞❡❧✱ ✇❤❡r❡ t❤❡ ✐❞✐♦s②♥❝r❛t✐❝ ❡rr♦rs t❡r♠s✱ εit✱ ❛r❡ ❛ss✉♠❡❞ t♦ ❜❡ ✐❞❡♥t✐❝❛❧❧②
❞✐str✐❜✉t❡❞✱ εit|Xit ∼ iid(0, σ
2)✿
yit = X
′
it
β + µi + εit, i = 1, 2, . . . , n and t = 1, 2, . . . , T. ✭✶✮
µi st❛♥❞s ❢♦r ✐♥❞✐✈✐❞✉❛❧ ❡✛❡❝ts✳ ■♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ s♣❛t✐❛❧ s♣✐❧❧♦✈❡rs ✐♥ ❝♦♥✢✐❝ts✱
t❤❡ ✐♥❞❡♣❡♥❞❡♥❝❡ ❛ss✉♠♣t✐♦♥ ♦❢ t❤❡ ❞✐st✉r❜❛♥❝❡s εit ✐s ♥♦t s❛t✐s✜❡❞✱ ❧❡❛❞✐♥❣ t♦ ❜✐❛s❡❞
❡st✐♠❛t❡s✳ ❊❝♦♥♦♠❡tr✐❝ t❡①t❜♦♦❦s✱ ❛♠♦♥❣ ♦t❤❡rs ❆♥s❡❧✐♥ ✭✷✵✶✸✮✱ ❆r❜✐❛ ✭✷✵✶✹✮✱ ❇❛❧t❛❣✐
✭✷✵✵✶✮✱ ❛♥❞ ▲❡❙❛❣❡ ❛♥❞ P❛❝❡ ✭✷✵✵✾✮ r❡❝♦♠♠❡♥❞ s♣❛t✐❛❧ ✐♥❢❡r❡♥❝❡ t❡❝❤♥✐q✉❡s✱ ❛s t❤❡s❡
❧❛tt❡r ❡①♣❧♦✐t ✐♥❢♦r♠❛t✐♦♥ r❡❧❛t✐✈❡ t♦ ❣❡♦❣r❛♣❤✐❝❛❧ ❧♦❝❛t✐♦♥✱ ❛❝❝♦✉♥t✐♥❣ ❢♦r ♣r♦①✐♠✐t②
❜❡t✇❡❡♥ ♦❜s❡r✈❛t✐♦♥s✳ ❚❤✉s✱ ✇♦r❦✐♥❣ ♦♥ s❡r✐❡s r❡❧❛t✐✈❡ t♦ r✐♦ts ❛♥❞ ♣r♦t❡sts ❛♥❞ ❢✉rt❤❡r
❛r❣✉✐♥❣ t❤❛t t❤❡s❡ ♣❤❡♥♦♠❡♥❛ ♠❛② ❜❡ s♣❛t✐❛❧❧② ❛✉t♦❝♦rr❡❧❛t❡❞✱ ✇❡ ❛❝❝♦✉♥t ❢♦r s♣❛t✐❛❧
s♣✐❧❧♦✈❡rs✳ ❚❤❡r❡t♦✱ ❝♦♥s✐❞❡r✐♥❣ ❛ r♦✇✲st❛♥❞❛r❞✐③❡❞ ✇❡✐❣❤t✐♥❣ ♠❛tr✐① Wn×n✱ t❤❡ r❡❣r❡s✲
s✐♦♥ ♠♦❞❡❧ ✭✶✮ ❜❡❝♦♠❡s ✐♥ ♠❛tr✐① ♥♦t❛t✐♦♥✿✹
y = ρ (IT ⊗Wn) y +Xβ + IT ⊗ µ+ ε with |ρ| < 1 ✭✷✮
ε = δ(IT ⊗Wn) ε+ ǫ with |δ| < 1 ✭✸✮
■♥ ❡q✉❛t✐♦♥ ✭✷✮ ❛♥❞ ✭✸✮✱ t❤❡ ♣❛r❛♠❡t❡rs ρ ❛♥❞ δ ❛♥❞ t❤❡ ✈❡❝t♦r β ❛r❡ t♦ ❜❡ ❡s✲
t✐♠❛t❡❞✱ ❣✐✈❡♥ ǫ ∼ IID(0, σ2
ǫ
I)✳ ■♥ ♦✉r ❝♦♥t❡①t✱ t❤❡ t❡r♠ (IT ⊗Wn)y r❡♣r❡s❡♥ts t❤❡
❛✈❡r❛❣❡ ❝♦♥✢✐❝ts ♦❝❝✉rr❡♥❝❡ ✭r✐♦ts ❛♥❞ ♣r♦t❡sts✮ ✐♥ t❤❡ ♥❡✐❣❤❜♦✉r✐♥❣ ❝♦✉♥tr✐❡s✱ ✇❤❡r❡❛s
(IT ⊗Wn)ε ✐s t❤❡ r❡s✐❞✉❛❧s s♣❛t✐❛❧ ❤❡t❡r♦❣❡♥❡✐t②✳ ❍❡♥❝❡✱ t❤❡ ♣❛r❛♠❡t❡r ρ t❡❝❤♥✐❝❛❧❧②
❝❛♣t✉r❡s t❤❡ s♣❛t✐❛❧ ❛✉t♦❝♦rr❡❧❛t✐♦♥ ♦❢ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ❛♥❞ ❝❛♥ ❜❡ ✐♥t❡r♣r❡t❡❞
❛s t❤❡ str❡♥❣t❤ ♦❢ r❡❣✐♦♥❛❧ ❝♦♥t❛❣✐♦♥✳
❊q✉❛t✐♦♥s ✭✷✮ ❛♥❞ ✭✸✮ ❛r❡ t❤❡ s♣❡❝✐✜❝❛t✐♦♥s ✇❡ r❡❧② ♦♥✳✺ ❚❤❡ t❡sts s✉♣♣♦rt✐♥❣ t❤❡
❢♦r♠❡r s♣❡❝✐✜❝❛t✐♦♥✱ t❤❡ r❡♠❛✐♥✐♥❣ ✐s ❡st✐♠❛t✐♥❣ t❤❡ ♣❛r❛♠❡t❡rs✳ ❚❤❡r❡❜②✱ r❡s❡❛r❝❤❡rs
✹❚❤✐s ✐s ❛ ❣❡♥❡r❛❧ ❢r♦♠ ♦❢ t❤❡ s♣❛t✐❛❧ ❧✐♥❡❛r r❡❣r❡ss✐♦♥ ♠♦❞❡❧ ❛♥❞ ✐t ✐♥❝❧✉❞❡s s❡✈❡r❛❧ ❞✐✛❡r❡♥t
❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧s ❞❡♣❡♥❞✐♥❣ ♦♥ ✇❤❡t❤❡r δ✱ β1 ❛♥❞✴♦r ρ ❡q✉❛❧ ✵ ♦r ♥♦t✳ |ρ| < 1 st❛♥❞s ❢♦r t❤❡
st❛t✐♦♥❛r✐t② ❝♦♥❞✐t✐♦♥✳
✺❲❡ ❛❝t✉❛❧❧② ♣❡r❢♦r♠❡❞ s♣❡❝✐✜❝❛t✐♦♥ t❡sts t♦ ❡♥❞ ✉♣ ✇✐t❤ t❤❡s❡ ✜♥❛❧ ❢♦r♠s✳ ❙❡❡ P❛❣❡ ✶✵ ❢♦r t❡sts
r❡s✉❧ts✳
✽
s✉❝❤ ❛s ❑❡❧❡❥✐❛♥ ❛♥❞ Pr✉❝❤❛ ✭✶✾✾✾✮✱ ❆♥s❡❧✐♥ ✭✷✵✶✸✮ ❛♥❞ ❇❛❧t❛❣✐ ❛♥❞ ▲✐✉ ✭✷✵✶✶✮ ♣r♦✲
♣♦s❡ t✇♦ st❡♣s ♠❛①✐♠✉♠ ❧✐❦❡❧✐❤♦♦❞ ❛♥❞ ✷❙▲❙ ♠❡t❤♦❞s✳ ❯s✐♥❣ t❤❡ ❧❛tt❡r ❛♥❞ ❝❧♦s❡❧②
❢♦❧❧♦✇✐♥❣ ▼✐❧❧♦ ❛♥❞ P✐r❛s ✭✷✵✶✷✮✱ ✇❡ ❡st✐♠❛t❡ t❤❡ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ s♣❛t✐❛❧ r❡❣r❡ss✐♦♥
♠♦❞❡❧ ❛❞❞r❡ss✐♥❣ ❡♥❞♦❣❡♥❡✐t②✳✻
✻✳ ❘❡s✉❧ts ♦❢ ❡st✐♠❛t✐♦♥ ❛♥❞ ❞✐s❝✉ss✐♦♥s
❆♣♣❧②✐♥❣ s♣❛t✐❛❧ r❡❣r❡ss✐♦♥ ✐♥ ❛♥❛❧②s✐♥❣ t❤❡ r♦❧❡ ♦❢ ♠✐❣r❛t✐♦♥ ✐♥ s♦❝✐❛❧ ❝♦♥✢✐❝ts
✐♥❝✐❞❡♥❝❡✱ ♥❛♠❡❧② ❵r✐♦ts ❛♥❞ ♣r♦t❡st✬ ❛♥❞ ♦❢ ❵✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s✬✱ s♦♠❡ ♣r❡❧✐♠✐♥❛r②
t❡sts ❛r❡ r❡❧❡✈❛♥t✳ ❚❤❡s❡ ✐♥❝❧✉❞❡ ❧♦❣✲tr❛♥s❢♦r♠✐♥❣ t❤❡ ❝♦✉♥t ❞❛t❛ ❛♥❞ t❡st✐♥❣ ❢♦r s♣❛t✐❛❧
❞❡♣❡♥❞❡♥❝❡✳
✻✳✶✳ Pr❡❧✐♠✐♥❛r② t❡sts
▲♦❣✲tr❛♥s❢♦r♠✐♥❣ t❤❡ ❞❛t❛✿ ▼♦❞❡❧❧✐♥❣ ❝♦✉♥t ❞❛t❛ ✐♥ ❧✐♥❡❛r r❡❣r❡ss✐♦♥ ♠♦❞❡❧s r❡✲
q✉✐r❡s ♣r❡✲♣r♦❝❡ss✐♥❣ t❤❡ ❞❛t❛ ✭▲❛♠❜❡rt ❡t ❛❧✳ ✭✷✵✶✵✮ ❛♥❞ ❈❛♠❡r♦♥ ❛♥❞ ❚r✐✈❡❞✐ ✭✷✵✶✸✮✮✳✼
❚❤✉s✱ ✇❡ ❛♣♣❧② t❤❡ log(xi + c) ♦♣❡r❛t♦r✱ ✇❤❡r❡ c ✐s ❛ ❝♦♥st❛♥t ❜❡t✇❡❡♥ ✵ ❛♥❞ ✶✱ ✇❤✐❝❤
♥❡❡❞s t♦ ❜❡ ❡st✐♠❛t❡❞✳ ❆♥s❝♦♠❜❡ ✭✶✾✹✽✮✱ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ s✐t✉❛t✐♦♥✱ ♣r♦♣♦s❡❞ ❝❡rt❛✐♥
✈❛❧✉❡s ❢♦r c✳ ◆❡✈❡rt❤❡❧❡ss✱ t❤❡ ♠♦st r❡❛❧✐st✐❝ ❛♣♣r♦❛❝❤ ✐s t♦ ❡①♣❧♦✐t t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡✲
t✇❡❡♥ t❤❡ ♠❡❛♥ ✭µ✮ ❛♥❞ ✈❛r✐❛♥❝❡ ✭σ2✮ ✐♥ ♦✈❡r❞✐s♣❡rs❡❞ P♦✐ss♦♥ ♠♦❞❡❧✱ σ2 = µ+ 1
c
µ2✱ ✐♥
❡st✐♠❛t✐♥❣ c ❢♦r ❜♦t❤ ♦✉r ❝♦✉♥ts ♦❢ ❵r✐♦ts ❛♥❞ ♣r♦t❡sts✬ ❛♥❞ ❵✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s✬✳
◗◗✲♣❧♦ts✿ ❚♦ ✐♥s♣❡❝t ❤♦✇ t❤❡ ❧♦❣✲tr❛♥s❢♦r♠❡❞ s❡r✐❡s ♣❡r❢♦r♠ ✐♥ ✉s✐♥❣ st❛♥❞❛r❞ ❞✐s✲
tr✐❜✉t✐♦♥ ❝♦♠♣❛r❡❞ t♦ t❤❡ r❛✇ ❞❛t❛✱ ✇❡ ✉s❡ ❛ ◗◗✲♣❧♦t ✐♥st❡❛❞ ♦❢ ♣❡r❢♦r♠✐♥❣ ❛ ♥♦r♠❛❧✐t②
t❡st✳✽ ❖❜s❡r✈✐♥❣ ❋✐❣✉r❡ ✸ s✉❣❣❡sts t❤❛t t❤❡ ❧♦❣✲♠♦❞✐✜❡❞ s❡r✐❡s ♦❢ ❵r✐♦ts ❛♥❞ ♣r♦t❡sts✬
❛♥❞ ❵✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s✬ ❛r❡ ❝❧♦s❡r t♦ t❤❡ ♥♦r♠❛❧ ❞✐str✐❜✉t✐♦♥ t❤❛♥ t❤❡ r❛✇ ❝♦✉♥ts✳
✻❆ ❝♦♠♣r❡❤❡♥s✐✈❡ ♦✈❡r✈✐❡✇ ♦❢ t❤✐s t②♣❡ ♦❢ ♠♦❞❡❧s ✐s ❞✐s❝✉ss❡❞ ❜② ▼✐❧❧♦ ❛♥❞ P✐r❛s ✭✷✵✶✷✮✳
✼❈❛♠❡r♦♥ ❛♥❞ ❚r✐✈❡❞✐ ✭✷✵✶✸✮ ❛r❣✉❡ t❤❛t st❛♥❞❛r❞ ♠♦❞❡❧s ❝♦✉♥ts ❛r❡ ♠♦❞❡❧s ✐♥ ❡①♣♦♥❡♥t✐❛❧ ❢❛♠✐❧②
s✉❝❤ ❛s P♦✐ss♦♥ ●❛♠♠❛ ♠✐①t✉r❡ ♠♦❞❡❧s✳ ❍♦✇❡✈❡r✱ ❧✐♥❡❛r ♠♦❞❡❧❧✐♥❣ ❜❛s❡❞ ♦♥ ❧♦❣✲tr❛♥s❢♦r♠❡❞ ❞❛t❛
❛r❡ ❛❧s♦ ❢❡❛s✐❜❧❡✳
✽❚❤✐s ❜❡❝❛✉s❡ ✉s✐♥❣ t❤❡ ❙❤❛♣✐r♦✲❲✐❧❦ t❡st ❢♦r ✐♥st❛♥❝❡✱ ❡✈❡♥ ✐♥ ❝❛s❡ ♦❢ ❛❝❝❡♣t❛♥❝❡ ♦❢ H0✱ ♥♦ s❡r✐♦✉s
❝♦♥❝❧✉s✐♦♥ r❡❣❛r❞✐♥❣ t❤❡ ♥♦r♠❛❧✐t② ♦❢ t❤❡ s❡r✐❡s ❝❛♥ ❜❡ ♠❛❞❡✱ ❛s t❤❡ t❡st ✐s ❜✐❛s❡❞ ❜② s❛♠♣❧❡ s✐③❡✳
✾
❈♦✉♥ts ♦❢ r✐♦ts ❛♥❞ ♣r♦t❡sts ▲♦❣✲tr❛♥s❢♦r♠❡❞ ❝♦✉♥ts ♦❢ r✐♦ts ❛♥❞ ♣r♦t❡sts
❈♦✉♥ts ♦❢ ✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s ▲♦❣✲tr❛♥s❢♦r♠❡❞ ❝♦✉♥ts ♦❢ ✈✐♦❧❡♥❝❡ ❛✳ ❝✳
❋✐❣✉r❡ ✸✿ ◗✉❛♥t✐❧❡✲q✉❛♥t✐❧❡ ♥♦r♠❛❧ ♣❧♦ts ♦❢ ❝♦✉♥ts ✈s✳ ❧♦❣✲tr❛♥s❢♦r♠❡❞ ❝♦✉♥ts
❚❡sts ❢♦r s♣❛t✐❛❧ ❞❡♣❡♥❞❡♥❝❡✿ Pr✐♦r t♦ ❛♥② ❡st✐♠❛t✐♦♥✱ ✇❡ t❡st ❢♦r s♣❛t✐❛❧ ❞❡♣❡♥✲
❞❡♥❝❡ ✐♥ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t✐❡s ❛♥❞ ✐♥ t❤❡ r❡s✐❞✉❛❧s ♦❢ t❤❡ ❞✐✛❡r❡♥t ♠♦❞❡❧ s♣❡❝✐✜❝❛t✐♦♥s
✭▼♦❞❡❧ ✶✲✺✮✳ ❚❤❡ r❡s✉❧ts ♦❢ t❤❡ r♦❜✉st ▲▼✲t❡sts ❤❡❧♣ ❝❧❛r✐❢② t❤✐s✳ ■♥ ❚❛❜❧❡ ✷†✱ ♦❜s❡r✈✲
✐♥❣ t❤❡ t❡sts r❡s✉❧ts ❢♦r s♣❛t✐❛❧ ❡✛❡❝ts✱ ♦♥❡ ♥♦t✐❝❡s t❤❛t t❤❡ t❡st st❛t✐st✐❝s ❣❧♦❜❛❧❧② r❡❥❡❝t
t❤❡ ♥✉❧❧✲❤②♣♦t❤❡s✐s ❝♦♥❝❡r♥✐♥❣ t❤❡ ❛❜s❡♥❝❡ ♦❢ s♣❛t✐❛❧ ❡✛❡❝ts ✐♥ ❝♦♥✢✐❝ts ♦❝❝✉rr❡♥❝❡ ❛s
✇❡❧❧ ❛s ✐♥ t❤❡ r❡s✐❞✉❛❧s ♦❢ t❤❡ ❞✐✛❡r❡♥t s♣❡❝✐✜❝❛t✐♦♥s✳ ❚❤❡r❡❢♦r❡✱ ♠♦❞❡❧❧✐♥❣ t❤❡ s♦❝✐❛❧
❝♦♥✢✐❝ts ❛♥❞ ♠✐❣r❛t✐♦♥ ♥❡①✉s ✐♥ ❙❙❆✱ ❜♦t❤ s♣❛t✐❛❧ ❧❛❣ ❛♥❞ s♣❛t✐❛❧ ❡rr♦r ❞❡♣❡♥❞❡♥❝❡
s❤♦✉❧❞ ❜❡ ❛❝❝♦✉♥t❡❞ ❢♦r✳
✻✳✷✳ ❘❡s✉❧ts ❞✐s❝✉ss✐♦♥
❘❡✈❡rs❡❧② ❛♥❛❧②s✐♥❣ t❤❡ ♠✐❣r❛t✐♦♥ ❛♥❞ s♦❝✐❛❧ st❛❜✐❧✐t② ♥❡①✉s✱ ✇❡ ♠❛✐♥❧② r❡❧② ♦♥
♣♦♦❧✐♥❣ t❤❡ ❞❛t❛✱ ♣❛ss✐♥❣ ♦✈❡r t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❡✛❡❝ts✳✾ ❉♦✐♥❣ s♦ ❛♥❞ ❛❝❝♦✉♥t✐♥❣ ❢♦r
t❤❡ r❡s✉❧ts ♦❢ t❤❡ ♣r❡❧✐♠✐♥❛r② t❡sts✱ ✇❡ ❝♦♥s✐❞❡r s♣❛t✐❛❧ ❛✉t♦❝♦rr❡❧❛t✐♦♥ ✐♥ t❤❡ ♣r♦①✐❡s
✾❖❜s❡r✈✐♥❣ ✜rst t❤❡ r❡s✉❧ts ♦❢ ❡st✐♠❛t✐♦♥s ❛♥❞ ♦❢ s♣❛t✐❛❧ t❡sts✱ ♣♦♦❧❡❞ ♠♦❞❡❧s ♣❡r❢♦r♠❡❞ ❜❡tt❡r
t❤❛♥ ❋❊ ❛♥❞ ❘❊ ✐♥ t❡r♠s ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❝r✐t❡r✐❛✳ ❋✉rt❤❡r✱ ❛❧t❤♦✉❣❤ t❤❡r❡ s❡❡♠s t♦ ❜❡ ♥♦ ❝♦♥s❡♥s✉s
♦♥ ✇❤❡t❤❡r t♦ ♣♦♦❧ ♦r ♥♦t✱ ❡❝♦♥♦♠❡tr✐❝✐❛♥s s✉❝❤ ❛s ❇❛❧t❛❣✐ ❛♥❞ ●r✐✣♥ ✭✶✾✾✼✮ P❡s❛r❛♥ ❛♥❞ ❙♠✐t❤
✭✶✾✾✺✮✱ ❛♥❞ ❇❛❧t❛❣✐ ❡t ❛❧✳ ✭✷✵✵✽✮ ❛❣r❡❡ t❤❛t ✐♥ ♣❛♥❡❧ ❞❛t❛s❡ts ✇✐t❤ t s♠❛❧❧✱ ♣♦♦❧❡❞ ♠♦❞❡❧s ❛r❡ ❛ ✈✐❛❜❧❡
❛❧t❡r♥❛t✐✈❡✳
✶✵
❢♦r s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ❛s ✇❡❧❧ ❛s ✐♥ t❤❡ r❡s✐❞✉❛❧s ♦❢ t❤❡ ❞✐✛❡r❡♥t s♣❡❝✐✜❝❛t✐♦♥s ✭▼♦❞❡❧ ✶✲✺✮✳
✻✳✷✳✶✳ ❆❞❞r❡ss✐♥❣ ❡♥❞♦❣❡♥❡✐t②
❚❤r♦✉❣❤♦✉t t❤❡ ❡①✐st✐♥❣ s❝❤♦❧❛rs❤✐♣✱ ✐t ✐s ♥♦t✐❝❡❞ t❤❛t ♠✐❣r❛t✐♦♥ ✐s ❞r✐✈❡♥ ❜② ❛ ❝♦♠✲
♣❧❡① ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❡❝♦♥♦♠✐❝✱ s♦❝✐❛❧✱ ❞❡♠♦❣r❛♣❤✐❝ ❛♥❞ ♣♦❧✐t✐❝❛❧ ❢❛❝t♦rs✱ ❛♠♦♥❣ ♦t❤❡rs
s♦❝✐❛❧ ❝♦♥✢✐❝ts✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♠✐❣r❛t✐♦♥ ❛♠♦♥❣ ❡①♣❧❛♥❛t♦r② ✈❛r✐❛❜❧❡s ✐♥
♦✉r s♣❡❝✐✜❝❛t✐♦♥s ②✐❡❧❞s ❡♥❞♦❣❡♥❡✐t② ✐ss✉❡s✱ ✇❤✐❝❤ ✇✐❧❧ ❧❡❛❞ t♦ s♣✉r✐♦✉s r❡❣r❡ss✐♦♥✱ ✐❢
♥♦t ❛❞❡q✉❛t❡❧② ❛❞❞r❡ss❡❞✳ ❚♦ ❛❞❞r❡ss t❤❛t✱ ✇❡ r❡❧② ♦♥ ✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡ t❡❝❤♥✐q✉❡
❡st✐♠❛t✐♥❣ t❤❡ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ r❡❣r❡ss✐♦♥ ♠♦❞❡❧ ✭▼♦❞❡❧ ✶✲✺✮✱ ✉s✐♥❣ ❛s ✐♥str✉♠❡♥t
❢♦r ♠✐❣r❛t✐♦♥ ❛ ♣r♦①② ❢♦r ♣♦❧✐t✐❝❛❧ ✐♥st✐t✉t✐♦♥s✿ ❚❤❡ ✐♥❞❡① ❢♦r ❵❣♦✈❡r♥❛♥❝❡ r❡❣✉❧❛t♦r②
q✉❛❧✐t②✬✳✶✵ ❚❤✉s✱ ✐♥ t❤❡ ✜rst st❛❣❡ ✇❡ r❡❣r❡ss ❧♦❣✲♠♦❞✐✜❡❞ ❝♦✉♥ts ♦❢ ♠✐❣r❛♥ts st♦❝❦ ♦♥
t❤❡ ✐♥❞❡① ❢♦r r❡❣✉❧❛t♦r② q✉❛❧✐t② ❛♥❞ ❡①♣❧♦✐t t❤❡ ♣r❡❞✐❝t❡❞ ✈❛❧✉❡s ✐♥ t❤❡ s❡❝♦♥❞ st❛❣❡
♠♦❞❡❧ t♦ ❡st✐♠❛t❡ t❤❡ ♣❛r❛♠❡t❡rs✳
✻✳✷✳✷✳ ❘❡s✉❧ts ♦❢ ❡st✐♠❛t✐♦♥s
❚❛❜❧❡ ✷ r❡♣♦rts t❤❡ r❡s✉❧ts ♦❢ ❡st✐♠❛t✐♥❣ t❤❡ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ s♣❛t✐❛❧ ♠♦❞❡❧✱ ✐♥
❛❞❞✐t✐♦♥ t♦ ❛✈❡r❛❣❡ ❞✐r❡❝t ❛♥❞ t♦t❛❧ ✐♠♣❛❝ts ♦❢ ❝❤❛♥❣❡s ✐♥ t❤❡ r❡❣r❡ss♦rs✳ ❖❜s❡r✈✐♥❣ t❤❡
r❡s✉❧ts ✐♥ ❚❛❜❧❡ ✷✱ t❤❡ ♣r❡s❡♥❝❡ ♦❢ s♣❛t✐❛❧ s♣✐❧❧♦✈❡rs ✐♥ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ✐s ♥♦t✐❝❡❛❜❧❡✳
■♥ t❤✐s ❝❛s❡ ✇❤❡r❡ ❵r✐♦ts ❛♥❞ ♣r♦t❡sts✬ ❛r❡ ✉s❡❞ ❛s ✐♥❞✐❝❛t♦r ♦❢ s♦❝✐❛❧ ❝♦♥✢✐❝ts✱ t❤❡
r❡s✉❧ts s✉❣❣❡st t❤❛t r✐♦ts✱ ♣r♦t❡sts ❛♥❞ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ✐♥ ♥❡✐❣❤❜♦✉r✐♥❣ ❝♦✉♥tr✐❡s ❛r❡
❝♦♥t❛❣✐♦✉s✱ ❝❡t❡r✐s ♣❛r✐❜✉s✳ ●❧♦❜❛❧❧②✱ ♦✉r r❡❣r❡ss✐♦♥ ❛♥❛❧②s✐s ✐♥ ❛❧❧ ✺ s♣❡❝✐✜❝❛t✐♦♥s
✭▼♦❞❡❧ ✶✲✺✮ s✉♣♣♦rts t❤❡ ❡①✐st❡♥❝❡ ♦❢ r❡❣✐♦♥❛❧ ❝♦♥t❛❣✐♦♥ ✭s♣❛t✐❛❧ s♣✐❧❧♦✈❡rs✮ ✐♥ s♦❝✐❛❧
✐♥st❛❜✐❧✐t✐❡s✳
✶✵❖✉r ♠❛✐♥ ❛r❣✉♠❡♥t ✐♥ ❝❤♦♦s✐♥❣ ♣♦❧✐t✐❝❛❧ ✐♥st✐t✉t✐♦♥s ❛s ✐♥str✉♠❡♥t ❢♦r ♠✐❣r❛♥ts st♦❝❦ ❤♦st❡❞ ❜② ❛
❝♦✉♥tr② ✐s t❤❛t ✢❡❡✐♥❣ s♦❝✐❛❧ ❝♦♥✢✐❝ts ✐♥ t❤❡✐r ❤♦♠❡ ❝♦✉♥tr✐❡s✱ ❡♠✐❣r❛♥ts ❝❤♦♦s❡ r❡❣✐♦♥s ✇❤❡r❡ str♦♥❣
♣♦❧✐t✐❝❛❧ ✐♥st✐t✉t✐♦♥s ❛r❡ ♦❜s❡r✈❡❞✳
✶✶
❚❛❜❧❡ ✷✿ ❘❡s✉❧ts ♦❢ ❡st✐♠❛t✐♥❣ s♣❛t✐❛❧ ♠♦❞❡❧s ♦❢ r✐♦ts ❛♥❞ ♣r♦t❡sts
❈♦✈❛r✐❛t❡s ✴ ▼♦❞❡❧s ▼♦❞❡❧ ✶ ▼♦❞❡❧ ✷ ▼♦❞❡❧ ✸ ▼♦❞❡❧ ✹ ▼♦❞❡❧ ✺
❙♣❛✳ ❡✛✳ ✐♥ r✐♦ts✱ ρˆ .398∗∗ ✭✳✵✾✺✮ .404∗∗∗ ✭✳✵✽✷✮ .378∗∗∗ ✭✳✵✽✽✮ .390∗∗∗✭✳✵✽✵✮ .374∗∗∗ ✭✳✵✽✻✮
❙♣❛✳ ❡✛✳ ✐♥ r❡s✐❞✉❛❧s✱ δˆ −.529∗∗∗ ✭✳✶✷✻✮ −.589∗∗∗✭✳✶✵✾✮ −.513∗∗∗ ✭✳✶✷✶✮ −.580∗∗∗✭✳✶✶✷✮ −.550∗∗∗ ✭✳✶✶✾✮
■♥t❡r❝❡♣t −.3219 ✭✷✳✷✸✵✮ −3.220∗✭✷✳✶✻✶✮ −4.701∗∗✭✷✳✷✶✻✮ −3.278 ✭✸✳✵✷✹✮ −0.834 ✭✸✳✶✼✺✮
▲♦❣✲❙t♦❝❦ ♦❢ ♠✐❣r❛♥t .323∗ ✭✳✶✽✸✮ .333∗∗✭✳✶✼✵✮ .536∗∗∗ ✭✳✶✽✹✮ .483∗ ✭✳✷✼✸✮ .443∗ ✭✳✷✼✺✮
❊①✲❋r❡♥❝❤ ❝♦❧♦♥② −.392∗∗∗✭✳✶✶✵✮ −.554∗∗∗ ✭✳✶✶✾✮ −.573∗∗∗✭✳✶✶✽✮ −.668∗∗∗ ✭✳✶✷✽✮
P♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② −.003∗∗∗✭✳✵✵✶✮ −.003∗∗∗ ✭✳✵✵✶✮ −.004∗∗∗ ✭✳✵✵✶✮
❚r❛❞❡ s❤❛r❡ ✐♥ ●❉P −.010∗∗ ✭✳✵✵✷✮ −.006∗∗✭✳✵✵✷✮ −.005∗∗ ✭✳✵✵✸✮
▲♦❣✲●❉P ♣❡r ❝❛♣✐t❛ −.132 ✭✳✵✽✾✮ −.291∗∗ ✭✳✶✷✾✮
❘❡♥ts ♦❢ ♥❛t✳ r❡s♦✉r❝❡s −.008 ✭✳✵✵✻✮ −.010 ✭✳✵✵✻✮
❆❣r✐❝✉❧t✉r❡✱ ✈❛❧✉❡ ❛❞❞❡❞ −.012∗ ✭✳✵✵✼✮
❋❉■✱ ♥❡t ✐♥✢♦✇s −.004 ✭✳✵✵✽✮
●♦✈✳ ❡①♣❡♥❞✐t✉r❡s −.027∗∗∗ ✭✳✵✵✾✮
◆✳ ♦❢ ♦❜s❡r✈❛t✐♦♥s ✺✼✹ ✺✼✹ ✺✼✹ ✺✼✹ ✺✼✹
❆■❈ ❝r✐t❡r✐♦♥ ✶✶✸✻✳✽✵✸ ✶✶✸✶✳✵✶✷ ✶✶✶✺✳✾✸✸ ✶✶✶✸✳✶✸✷ ✶✶✵✾✳✶✷✼
❆✈❡r❛❣❡ ❞✐r❡❝t ✐♠♣❛❝ts
▲♦❣✲❙t♦❝❦ ♦❢ ♠✐❣r❛♥t .322∗ ✭✳✶✾✸✮ .335∗∗✭✳✶✽✽✮ .538∗∗∗ ✭✳✶✾✹✮ .486∗ ✭✳✷✾✺✮ .445∗ ✭✳✷✽✽✮
❊①✲❋r❡♥❝❤ ❝♦❧♦♥② −.394∗∗∗✭✳✶✷✵✮ −.556∗∗∗ ✭✳✶✸✵✮ −.576∗∗∗✭✳✶✷✼✮ −.671∗∗∗ ✭✳✶✸✼✮
P♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② −.003∗∗∗✭✳✵✵✶✮ −.003∗∗∗ ✭✳✵✵✶✮ −.004∗∗∗ ✭✳✵✵✶✮
❚r❛❞❡ s❤❛r❡ ✐♥ ●❉P −.010∗∗∗ ✭✳✵✵✷✮ −.006∗∗✭✳✵✵✷✮ −.005∗∗ ✭✳✵✵✸✮
▲♦❣✲●❉P ♣❡r ❝❛♣✐t❛ −.132 ✭✳✵✾✸✮ −.293∗∗ ✭✳✶✹✶✮
❘❡♥ts ♦❢ ♥❛t✳ r❡s♦✉r❝❡s −.008 ✭✳✵✵✻✮ −.010 ✭✳✵✵✼✮
❆❣r✐❝✉❧t✉r❡✱ ✈❛❧✉❡ ❛❞❞❡❞ −.012∗ ✭✳✵✵✽✮
❋❉■✱ ♥❡t ✐♥✢♦✇s −.004 ✭✳✵✵✾✮
●♦✈✳ ❡①♣❡♥❞✐t✉r❡s −.027∗∗∗ ✭✳✵✶✶✮
❚♦t❛❧ ✐♠♣❛❝ts
▲♦❣✲❙t♦❝❦ ♦❢ ♠✐❣r❛♥t .534∗ ✭✳✶✺✶✮ .559∗∗✭✳✸✶✻✮ .862∗∗∗ ✭✳✸✸✷✮ .793∗ ✭✳✹✽✸✮ .709∗ ✭✳✹✺✾✮
❊①✲❋r❡♥❝❤ ❝♦❧♦♥② −.658∗∗∗✭✳✷✶✾✮ −.891∗∗∗ ✭✳✷✹✽✮ −.941∗∗∗✭✳✷✸✽✮ −1.068∗∗∗ ✭✳✷✻✶✮
P♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② −.005∗∗∗✭✳✵✵✷✮ −.005∗∗∗ ✭✳✵✵✷✮ −.006∗∗∗ ✭✳✵✵✷✮
❚r❛❞❡ s❤❛r❡ ✐♥ ●❉P −.016∗∗∗ ✭✳✵✵✹✮ −.009∗∗✭✳✵✵✹✮ −.008∗∗ ✭✳✵✵✺✮
▲♦❣✲●❉P ♣❡r ❝❛♣✐t❛ −.216 ✭✳✶✺✷✮ −.466∗∗ ✭✳✷✸✵✮
❘❡♥ts ♦❢ ♥❛t✳ r❡s♦✉r❝❡s −.013 ✭✳✵✶✵✮ −.016 ✭✳✵✶✶✮
❆❣r✐❝✉❧t✉r❡✱ ✈❛❧✉❡ ❛❞❞❡❞ −.019∗ ✭✳✵✶✷✮
❋❉■✱ ♥❡t ✐♥✢♦✇s −.007 ✭✳✵✶✹✮
●♦✈✳ ❡①♣❡♥❞✐t✉r❡s −.043∗∗∗ ✭✳✵✶✽✮
❘♦❜✉st ▲▼✲t❡sts ❢♦r s♣❛t✐❛❧ ❛✉t♦❝♦rr❡❧❛t✐♦♥ ✐♥ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ❛♥❞ ✐♥ r❡s✐❞✉❛❧s†
❙♣✳ ❆✉t♦❝♦r ✐♥ ❉❡♣✳ ❱❛r ✷✳✺✷ ✭✳✶✶✮ ✼✳✾✸ ✭✳✵✵✮ ✻✳✼✽ ✭✳✵✵✮ ✽✳✹✺ ✭✳✵✵✮ ✺✳✶✷ ✭✳✵✷✮
❙♣✳ ❆✉t♦❝♦r ✐♥ ❘❡s✐❞✉❛❧s ✷✳✼✸ ✭✳✵✾✮ ✽✳✾✸ ✭✳✵✵✮ ✻✳✽✺ ✭✳✵✵✮ ✽✳✾✻ ✭✳✵✵✮ ✺✳✹✹ ✭✳✵✶✮
◆♦t❡s✿ ❉❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s t❤❡ ❧♦❣✲tr❛♥s❢♦r♠❡❞ ❝♦✉♥ts ♦❢ r✐♦ts✴♣r♦t❡sts✳ ■♥ ❜r❛❝❦❡t ❛r❡ r♦❜✉st
st❛♥❞❛r❞ ❡rr♦rs✳ ❵∗∗∗✬✱ ❵∗∗✬ ❛♥❞ ❵∗✬ r❡s♣❡❝t✐✈❡❧② st❛♥❞ ❢♦r s✐❣♥✐✜❝❛t✐✈✐t② ❧❡✈❡❧ ❛t ✶✱ ✺ ❛♥❞ ✶✵✪✳ †❍❡r❡
✇❡ r❡♣♦rt t❤❡ ▲▼✲st❛t✐st✐❝s ❛♥❞ ✐♥ ❜r❛❝❦❡t p✲✈❛❧✉❡s✳ ❋♦r t❤❡s❡ t❡sts✱ H0 ✐s t❤❡ ❛❜s❡♥❝❡ ♦❢ s♣❛t✐❛❧
❞❡♣❡♥❞❡♥❝❡✳
✶✷
❘❡❣❛r❞✐♥❣ ♠✐❣r❛t✐♦♥✱ ♦✉r r❡s✉❧ts s❤♦✇ ♣♦s✐t✐✈❡ ❡✛❡❝ts ♦❢ ♠✐❣r❛♥ts st♦❝❦ ♦♥ r✐♦ts
❛♥❞ ♣r♦t❡sts ♦❝❝✉rr❡♥❝❡✱ s✉❣❣❡st✐♥❣ t❤❛t ♠✐❣r❛♥ts st♦❝❦✬s ♣♦t❡♥t✐❛❧ ✐♥ r✐♦ts ❛♥❞ s♦❝✐❛❧
❝♦♥✢✐❝ts ♦❝❝✉rr❡♥❝❡ ✐s ♥♦t ♥❡✉tr❛❧ ✐♥ ❙❙❆✳ ❈♦♥s❡q✉❡♥t❧②✱ ♥♦t ♦♥❧② ❝♦♥✢✐❝ts ❞r✐✈❡ ♠✐✲
❣r❛t✐♦♥ ❛s ♣♦✐♥t❡❞ ♦✉t ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ❜② ❆❧✈❛r❛❞♦ ❛♥❞ ❉♦✉❣❧❛s ✭✷✵✶✵✮ ❛♥❞ ▼♦♦r❡
❛♥❞ ❙❤❡❧❧♠❛♥ ✭✷✵✵✹✮✱ ❛♠♦♥❣ ♦t❤❡rs✱ t❤❡ r❡s❡r✈❡ ❡✛❡❝ts ❛❧s♦ s❡❡♠s t♦ ❡①✐st✳ ❙✉❝❤ ❛
r❡s✉❧t s♦♠❡✇❤❛t s✉♣♣♦rts t❤❡ ❝♦♥✢✐❝ts ♦✈❡r r❡s♦✉r❝❡s ♦r ❵s♦♥ ♦❢ s♦✐❧✬ s♦❝✐❛❧ ❝♦♥t❡sts
❤②♣♦t❤❡s❡s ❞✐s❝✉ss❡❞ ✐♥ ❋❡❛r♦♥ ❛♥❞ ▲❛✐t✐♥ ✭✷✵✶✶✮✱ t❤❡ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✱ ♠✐❣r❛t✐♦♥ ❛♥❞
❝♦♥✢✐❝ts ♥❡①✉s ❛ss❡ss❡❞ ✐♥ ❙❛❧❤②❛♥ ✭✷✵✵✽✮ ❛♥❞ ❇✉rr♦✇s ❛♥❞ ❑✐♥♥❡② ✭✷✵✶✻✮✳ ❋✉rt❤❡r✱
t❤✐s ❡♠♣✐r✐❝❛❧ r❡s✉❧t ♦♥ t❤❡ ♠✐❣r❛♥ts st♦❝❦ ❛♥❞ r✐♦ts ❛♥❞ ♣r♦t❡st ♥❡①✉s ❤❡❧♣s ❡①♣❧❛✐♥s
r❡❝❡♥t ❛♥t✐✲♠✐❣r❛♥ts ♣r♦t❡sts ❛♥❞ s♦❝✐❛❧ ❝♦♥✢✐❝ts ♦❜s❡r✈❡❞ ✐♥ ❙❙❆ ❝♦✉♥tr✐❡s s✉❝❤ ❛s
❙♦✉t❤ ❆❢r✐❝❛✱ ❈ôt❡ ❞✬■✈♦✐r❡✱ ◆✐❣❡r✐❛♥ ❛♥❞ ❑❡♥②❛✱ ❛♠♦♥❣ ♦t❤❡rs ✭s❡❡ ❑❡rst✐♥❣✱ ✷✵✵✾✮✳
●❧♦❜❛❧❧②✱ ♦✉r ❛♥❛❧②s✐s s✉♣♣♦rt✐♥❣ t❤❛t s♦❝✐❛❧ ✉♥r❡st ♦❢t❡♥ ♦❝❝✉r ✐♥ ❙❙❆ ❝♦✉♥tr✐❡s ✇✐t❤
❧❛r❣❡ ♠✐❣r❛♥t ♣♦♣✉❧❛t✐♦♥ ❞♦❡s ♥♦t s②st❡♠❛t✐❝❛❧❧② ✐♠♣❧✐❡s t❤❛t r✐♦ts ❛♥❞ ♣r♦t❡st ❛r❡
♠✐❣r❛♥t ❝❛✉s❡❞ ♦r ❧❡❞✳
❆ ❢✉rt❤❡r ❛s♣❡❝t ✐♥ ✐♥t❡r♣r❡t✐♥❣ t❤❡ ❡✛❡❝ts ♦❢ ♠✐❣r❛t✐♦♥ ♦♥ s♦❝✐❛❧ ❝♦♥✢✐❝ts r❡♠❛✐♥s
✐♥ q✉❡st✐♦♥✐♥❣ t❤❡ tr❛♥s♠✐ss✐♦♥ ❝❤❛♥♥❡❧s t❤r♦✉❣❤ ✇❤✐❝❤ ♠✐❣r❛t✐♦♥ ❝❛♥ ❧❡❛❞ t♦ r✐♦ts
❛♥❞ ♣r♦t❡sts ✐♥ t❤❡ ❙❙❆ ❝♦♥t❡①t✳ ▲❛❝❦ ♦❢ ✐♥t❡❣r❛t✐♥❣ ♠✐❣r❛♥ts✱ ❝♦❤❛❜✐t❛t✐♦♥ ♣r♦❜❧❡♠s
✇✐t❤ ♥❛t✐✈❡s ❡t❤♥✐❝s ❣r♦✉♣s ❛s ✇❡❧❧ ❛s ❧❛♥❞ ❧✐t✐❣❛t✐♦♥s ❛r❡ s♦♠❡ ♦❢ t❤❡ ♠♦st r❡❝✉rr❡♥t
tr❛♥s♠✐ss✐♦♥ ❝❤❛♥♥❡❧s ❡♥❝♦✉♥t❡r❡❞ ✐♥ t❤❡ ❡①✐st✐♥❣ ❧✐t❡r❛t✉r❡ ✭❲♦♦❞s✱ ✷✵✵✸❀ ❇❡rr②✱ ✷✵✵✾❀
❚❤❛❧❡r✱ ✷✵✶✹✮✳ ■♥ t❤❡ ❙♦✉t❤ ❆❢r✐❝❛♥ ❝❛s❡ ❢♦r ✐♥st❛♥❝❡ ✐♥❝r❡❛s❡s ✐♥ ❝r✐♠✐♥❛❧✐t② ❛♥❞ ❤✐❣❤
✉♥❡♠♣❧♦②♠❡♥t ♦❢ ♥❛t✐♦♥❛❧s ✭✐♠♠✐❣r❛t✐♦♥ ❝♦sts✮ ❛r❡ ♠♦st❧② ♥♦t❡❞ ❛s ❝❛✉s❡ ♦❢ t❤❡ ✈✐♦❧❡♥t
♣r♦t❡sts✱ ✇❤✐❧❡ ✐♥ ❈ôt❡ ❞✬■✈♦✐r❡ ✐t ✐s t❤❡ t❤r❡❛t t♦ ♣♦❧✐t✐❝❛❧ ♣♦✇❡r✳
❇❡s✐❞❡s ♠✐❣r❛t✐♦♥✱ ✐♥tr♦❞✉❝✐♥❣ ❝♦♥tr♦❧ ✈❛r✐❛❜❧❡s ✐♥t♦ t❤❡ ♠♦❞❡❧ ✭✐♥❝♦♠❡ ❧❡✈❡❧✱ ♦♣❡♥✲
♥❡ss t♦ tr❛❞❡ ❛♥❞ ♣♦♣✉❧❛t✐♦♥ ❞②♥❛♠✐❝s✮ ❤❡❧♣s ❛ss❡ss ❤♦✇ ❡❝♦♥♦♠✐❝ ♣❡r❢♦r♠❛♥❝❡s✱ ♣♦♣✲
✉❧❛t✐♦♥ ❣r♦✇t❤ ❛♥❞ ♣♦❧✐t✐❝❛❧ ❤✐st♦r② ❛✛❡❝t s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ✐♥ ❆❢r✐❝❛✳ ❚❤❡ ●❉P s❤❛r❡
♦❢ tr❛❞❡ s❤♦✇s ❛ ♥❡❣❛t✐✈❡ ❧✐♥❦ t♦ r✐♦ts ♦❝❝✉rr❡♥❝❡ ✐♠♣❧②✐♥❣ t❤❛t ❣♦♦❞ ❡❝♦♥♦♠✐❝ ♣❡r✲
❢♦r♠❛♥❝❡s ♠♦r❡ ♣r❡❝✐s❡❧② ♦♣❡♥♥❡ss t♦ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ r❡❞✉❝❡s s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ❛♥❞
r✐♦ts ♦❝❝✉rr❡♥❝❡ ✐♥ ❙❙❆✳ ❙✉❝❤ ❛ r❡s✉❧t ✐s ❛❧s♦ ♣r❡s❡♥t ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ✇❤❡r❡ r❡s❡❛r❝❤❡rs
❢♦✉♥❞ t❤❛t ♠✉❧t✐❧❛t❡r❛❧ tr❛❞❡ r❡❞✉❝❡s t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❧♦❝❛❧ ❝♦♥✢✐❝ts ✭❖♥❡❛❧ ❛♥❞ ❘✉s✲
s❡t✱ ✶✾✾✾ ❛♥❞ P♦❧❛❝❤❡❦ ❡t ❛❧✳✱ ✶✾✾✾✮✳ ❙✐♠✐❧❛r❧②✱ ●❉P ♣❡r ❝❛♣✐t❛ ✐s ❢♦✉♥❞ t♦ ❜❡ ❧❡ss❡♥✐♥❣
r✐♦ts ♦❝❝✉rr❡♥❝❡✱ ❛s t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❡st✐♠❛t❡❞ ♣❛r❛♠❡t❡r ✐s ♥❡❣❛t✐✈❡✳ ❚❤❡ ❧❛tt❡r r❡✲
✶✸
s✉❧t ❤✐❣❤❧✐❣❤ts ❤♦✇ ✐♥❝r❡❛s❡s ✐♥ ✐♥❝♦♠❡ ❧❡✈❡❧ ❤❡❧♣ ❛✈♦✐❞ r✐♦ts ❛♥❞ ♣r♦t❡sts ❛❝r♦ss ❙❙❆✱
r❡✈❡rs❡❧② s✉❣❣❡st✐♥❣ t❤❛t ❧♦✇ ✐♥❝♦♠❡ ❧❡✈❡❧s ❛♥❞ ♣♦✈❡rt② ❡♥❤❛♥❝❡ r✐♦ts ❛♥❞ s♦❝✐❛❧ ✐♥st❛✲
❜✐❧✐t②✳ ■♥ ❛❞❞✐t✐♦♥ t♦ tr❛❞❡ ❛♥❞ ●❉P ♣❡r ❝❛♣✐t❛✱ t❤❡ ❛❞❞❡❞ ✈❛❧✉❡ ♦❢ ❛❣r✐❝✉❧t✉r❡ ❛♥❞
❝❡♥tr❛❧ ❣♦✈❡r♥♠❡♥t ❡①♣❡♥❞✐t✉r❡ ❛r❡ ❛❧s♦ ❢♦✉♥❞ t♦ ❜❡ r❡❞✉❝✐♥❣ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ✐♥ ❙❙❆
❝♦✉♥tr✐❡s✳
❖✉r ❛♥❛❧②s✐s ❤❛s ❛❧s♦ ❝♦♥tr♦❧❧❡❞ ❢♦r ❞❡♠♦❣r❛♣❤✐❝ ❞②♥❛♠✐❝s ❛♥❞ ❝♦❧♦♥✐❛❧ ❤✐st♦r② ♦❢
❙❙❆ ❝♦✉♥tr✐❡s✳ P♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② s❤♦✇s ♥❡❣❛t✐✈❡ ❛♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❡✛❡❝ts ♦♥
r✐♦ts ♦❝❝✉rr❡♥❝❡✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t ❝♦♥❝❡♥tr❛t✐♦♥ ♦❢ ♣♦♣✉❧❛t✐♦♥ r❡❞✉❝❡s t❤❡ r✐s❦ ♦❢ s♦❝✐❛❧
❝♦♥✢✐❝ts✳ ❈♦♥tr❛r② t♦ t❤❡ ✇✐❞❡s♣r❡❛❞ ✈✐❡✇♣♦✐♥t ❛r❣✉✐♥❣ t❤❛t ❞❡♠♦❣r❛♣❤✐❝ ♣r❡ss✉r❡
❧❡❛❞s t♦ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ♦✈❡r s♦✐❧s✱ ♦✉r ❡st✐♠❛t❡s s❤♦✇ ♥❡❣❛t✐✈❡ ❧✐♥❦✱ str❡♥❣t❤❡♥✐♥❣ t❤❡
r❡s✉❧ts ❜② ❈♦❧❧✐❡r ❛♥❞ ❍♦❡✤❡r ✭✷✵✵✹✮ ❛r❣✉✐♥❣ t❤❛t ❞✐s♣❡rs❡❞ ♣♦♣✉❧❛t✐♦♥ ✭❧♦✇❡r ❞❡♥s✐t✐❡s✮
❛r❡ ❛t ❛ ❣r❡❛t❡r r✐s❦ ♦❢ ❝✐✈✐❧ ✇❛r✳ ❈♦❧♦♥✐❛❧ ❤✐st♦r②✱ ♠❡❛s✉r❡❞ ✐♥ ♦✉r r❡❣r❡ss✐♦♥s ❜② ❛
❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧❧✐♥❣ ✶ ✇❤❡♥ t❤❡ ❝♦♥s✐❞❡r❡❞ ❝♦✉♥tr② ✐s ❛ ❢♦r♠❡r ❋r❡♥❝❤ ❝♦❧♦♥② ❛♥❞
✵ ♦t❤❡r✇✐s❡✱ s❤♦✇s ❛ ♥❡❣❛t✐✈❡ ❧✐♥❦ t♦ s♦❝✐❛❧ ❝♦♥✢✐❝ts✳ ❈♦♠♣❛r❡❞ t♦ ♦t❤❡rs ❊✉r♦♣❡❛♥
❝♦❧♦♥✐③❡rs ✭❇r✐t✐s❤ ❛♥❞ ❙♣❛♥✐s❤✮ ❜❡✐♥❣ ❛♥ ❡①✲❋r❡♥❝❤ ❝♦❧♦♥② ❞♦❡s ♥♦t s②st❡♠❛t✐❝❛❧❧②
❣❡♥❡r❛t❡ r✐♦ts ❛♥❞ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t②✳
■♥ ❝♦♥❝❧✉s✐♦♥✱ r❡✈❡rs❡❧② ❛♥❛❧②s✐♥❣ t❤❡ ♠✐❣r❛t✐♦♥ ❛♥❞ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ♥❡①✉s ✐♥
❙❙❆ ❝♦✉♥tr✐❡s✱ ♦✉r r❡s✉❧ts ❤✐❣❤❧✐❣❤t ❣❡♦❣r❛♣❤✐❝❛❧ ❝♦♥t❛❣✐♦♥ ✐♥ r✐♦ts ❛♥❞ ♣r♦t❡sts✱ ✇❤✐❧❡
s✉❣❣❡st✐♥❣ ❤✐❣❤❡r ♠✐❣r❛♥ts st♦❝❦ ♣♦s✐t✐✈❡❧② ❡♥❤❛♥❝❡ r✐♦ts ❛♥❞ ♣r♦t❡st ♦❝❝✉rr❡♥❝❡✳ ❊❝♦✲
♥♦♠✐❝ ♣❡r❢♦r♠❛♥❝❡s ❛♥❞ tr❛❞❡ ♦♣❡♥♥❡ss ❛♣♣❡❛r t♦ r❡❞✉❝❡ s♦❝✐❛❧ ❝♦♥✢✐❝ts ♦❝❝✉rr❡♥❝❡✳
▼♦r❡♦✈❡r✱ ♣♦♣✉❧❛t✐♦♥ ❣r♦✇t❤ ❛♥❞ ❜❡✐♥❣ ❛ ❢♦r♠❡r ❋r❡♥❝❤ ❝♦❧♦♥② ❞♦ ♥♦t s②st❡♠❛t✐❝❛❧❧②
tr✐❣❣❡r s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ✐♥ ❙❙❆✳
✼✳ ❘♦❜✉st♥❡ss ❝❤❡❝❦
❖✉r st✉❞② ♦♥ t❤❡ ❞r✐✈❡rs ♦❢ ❵r✐♦ts ❛♥❞ ♣r♦t❡sts✬ ❛❝r♦ss ❙❙❆ ❤❛s ❢♦✉♥❞ ♠✐❣r❛♥ts
st♦❝❦ t♦ ❜❡ ♣♦s✐t✐✈❡❧② ❡♥❤❛♥❝✐♥❣ s♦❝✐❛❧ ❝♦♥✢✐❝ts✳ ❚❤❡ ❝✉rr❡♥t r♦❜✉st♥❡ss ❛♥❛❧②s✐s ❛✐♠s
❛t ❛♥ ✐♥✲❞❡♣t❤ ❛♥❛❧②s✐s ♦♥ t❤❡ r♦❧❡ ♦❢ ♠✐❣r❛t✐♦♥ ✐♥ t❤❡ ♦❝❝✉rr❡♥❝❡ ♦❢ s♦❝✐❛❧ ❝♦♥✢✐❝ts ❜②
✉s✐♥❣ ❛ ❞✐✛❡r❡♥t ♣r♦①② ❢♦r s♦❝✐❛❧ ✐♥st❛❜✐❧✐t②✿ ❈♦✉♥ts ♦❢ ✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s ✭❱❆❈✮✳
❚❤❡ ✜rst st❡♣ r❡q✉✐r❡s t❡st✐♥❣ ❢♦r t❤❡ ❡①✐st❡♥❝❡ ♦❢ s♣❛t✐❛❧ ❛✉t♦❝♦rr❡❧❛t✐♦♥ ✐♥ t❤❡
❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ❛♥❞ ✐♥ t❤❡ r❡s✐❞✉❛❧s✳ ❚❤✉s✱ ❝♦♥s✐❞❡r✐♥❣ ❱❆❈✱ ✇❡ ♣❡r❢♦r♠ t❤❡ s❛♠❡
t❡sts ❛s ❛❜♦✈❡✳ ❚❤❡ t❡st r❡s✉❧ts ✐♥ ❚❛❜❧❡ ❆✲✶† ✭▼♦❞❡❧ ✸✲✺✮ s✉♣♣♦rt t❤❡ ♣r❡s❡♥❝❡ ♦❢ s♣❛t✐❛❧
✶✹
❞❡♣❡♥❞❡♥❝❡ ✐♥ ❱❆❈ ❛s t❤❡ t❡st st❛t✐st✐❝s r❡❥❡❝t t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s✳ ■♥ ❛❝❝♦r❞❛♥❝❡ ✇✐t❤
♦✉r ✐♥✐t✐❛❧ r❡s✉❧ts✱ ♣♦s✐t✐✈❡ s♣❛t✐❛❧ s♣✐❧❧♦✈❡rs ✐♥ s♦❝✐❛❧ ❝♦♥✢✐❝ts ❡①✐st ❛❝r♦ss ❙❙❆✱ ♠❡❛♥✐♥❣
t❤❛t t❤❡ ♦❝❝✉rr❡♥❝❡ ♦❢ ✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s ✐♥ t❤❡ ♥❡✐❣❤❜♦✉r✐♥❣ ❝♦✉♥tr✐❡s ❛✈❡r❛❣❡❧②
❧❡❛❞s t♦ t❤❡ s❛♠❡ ♣❤❡♥♦♠❡♥❛ ✐♥ ❛ ❝♦♥s✐❞❡r❡❞ ❝♦✉♥tr②✱ ❛❧❧ t❤✐♥❣s ❜❡✐♥❣ ❡q✉❛❧✳ ❯s✐♥❣ t❤❡
❧♦❣✲♠♦❞✐✜❡❞ ❝♦✉♥ts ♦❢ ❱❆❈✱ ♠✐❣r❛♥ts st♦❝❦ st✐❧❧ s❤♦✇s ❛ ♣♦s✐t✐✈❡ ❛♥❞ s✐❣♥✐✜❝❛♥t ❡✛❡❝t
❛s ❛❜♦✈❡✳ ❚❤✐s ✐s✱ ✐♥❝r❡❛s✐♥❣ ♠✐❣r❛♥ts st♦❝❦ ✐♥t❡♥s✐✜❡s s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ❛♥❞ ✈✐♦❧❡♥❝❡
❛❣❛✐♥st ❝✐✈✐❧✐❛♥s ✐♥ t❤❡ ❣✉❡st ❝♦✉♥tr✐❡s✳
❊❝♦♥♦♠✐❝ ❢❛❝t♦rs s✉❝❤ ❛s t❤❡ ♦♣❡♥♥❡ss t♦ tr❛❞❡✱ ●❉P ♣❡r ❝❛♣✐t❛ ❛♥❞ t❤❡ s❤❛r❡
♦❢ ❛❣r✐❝✉❧t✉r❡ ✐♥ ●❉P ♣r♦❞✉❝❡ s✐♠✐❧❛r ♦✉t❝♦♠❡s ❛s ❛❜♦✈❡ ✐♥ r❡❞✉❝✐♥❣ t❤❡ ♦❝❝✉rr❡♥❝❡
♦❢ s♦❝✐❛❧ ❝♦♥✢✐❝ts✳ ▲✐❦❡✇✐s❡ t❤❡ r❡s✉❧ts ✉s✐♥❣ r✐♦ts ❛♥❞ ♣r♦t❡sts ❛s ✐♥❞✐❝❛t♦r ♦❢ s♦❝✐❛❧
❝♦♥✢✐❝ts✱ t❤✐s r♦❜✉st♥❡ss ❛♥❛❧②s✐s ❜❛s❡❞ ♦♥ t❤❡ ♦❝❝✉rr❡♥❝❡ ♦❢ ✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s
✭❱❆❈✮ s✉❣❣❡sts t❤❛t ❣♦♦❞ ❡❝♦♥♦♠✐❝ ❛♥❞ ❧✐✈✐♥❣ ❝♦♥❞✐t✐♦♥s ❤❡❧♣ r❡❞✉❝❡ t❤❡ ✐♥❝✐❞❡♥❝❡
♦❢ s♦❝✐❛❧ ❝♦♥✢✐❝ts✳ ❈♦♥tr♦❧ ✈❛r✐❛❜❧❡s s✉❝❤ ❛s ♣♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② ❛♥❞ ❝♦❧♦♥✐❛❧ ❤✐st♦r②
❛r❡ ❢♦✉♥❞ t♦ ❜❡ ♥❡❣❛t✐✈❡❧② ❛♥❞ s✐❣♥✐✜❝❛♥t❧② ❛✛❡❝t✐♥❣ ❝♦♥✢✐❝ts✳ ❆❣❛✐♥✱ ❜❡✐♥❣ ❛ ❢♦r♠❡r
❋r❡♥❝❤ ❝♦❧♦♥② ❞♦❡s ♥♦t tr✐❣❣❡r s♦❝✐❛❧ ✐♥st❛❜✐❧✐t② ❛♥❞ ❝♦♥✢✐❝ts ♦❝❝✉rr❡♥❝❡ ✐♥ ❙❙❆✳ ❲❤✐❧st
t❤❡ ♣r✐♠❡r ❛♥❛❧②s✐s r❡✈❡❛❧s ♥♦♥✲s✐❣♥✐✜❝❛♥t ❧✐♥❦ ♦❢ ♥❛t✉r❛❧ r❡s♦✉r❝❡s r❡♥ts t♦ s♦❝✐❛❧ ✐♥st❛✲
❜✐❧✐t②✱ t❤✐s r♦❜✉st♥❡ss ❝❤❡❝❦ ✐♥❞✐❝❛t❡s ♣♦s✐t✐✈❡ ❛♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❡✛❡❝ts✳ ❚❤❡
❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ❜❡✐♥❣ ❞✐✛❡r❡♥t✱ s✉❝❤ ❛ ❝❤❛♥❣❡ ✐♥ t❤❡ ❡st✐♠❛t❡❞ ♣❛r❛♠❡t❡r ✐s q✉✐t❡
❢❡❛s✐❜❧❡✳ ■♥ ❢❛❝t✱ ✐t ✐♠♣❧✐❡s t❤❛t ♥❛t✉r❛❧ r❡s♦✉r❝❡s ❛❜✉♥❞❛♥❝❡ ❧❡❛❞s t♦ s♦❝✐❛❧ ❝♦♥✢✐❝ts
✐♥ ❙❙❆✱ s✉♣♣♦rt✐♥❣ s♦♠❡ ♣♦♣✉❧❛r ♥❛rr❛t✐✈❡s ♦♥ t❤❡ r❡s♦✉r❝❡ ❝✉rs❡ ❤②♣♦t❤❡s✐s✳ ❉❡❡♣❡r
❞✐s❝✉ss✐♦♥s ♦♥ t❤❡ r♦❧❡ ♦❢ ♥❛t✉r❛❧ r❡s♦✉r❝❡s ✐♥ ❝♦♥✢✐❝ts ♦❝❝✉rr❡♥❝❡ ✉s✐♥❣ ❞✐✛❡r❡♥t ♣r♦①✐❡s
❢♦r ❜♦t❤ ♣❤❡♥♦♠❡♥❛ ❤❡❧♣ ❝❧❛r✐❢② t❤✐s ❧✐♥❦✳ ❚❤✐s ✐s t❤❡ ❝❛s❡ ✐♥ ❆✉t② ✭✷✵✵✹✮✱ ❆❜✐♦❞✉♥
✭✷✵✵✼✮✱ ❇r✉♥♥s❝❤✇❡✐❧❡r ❛♥❞ ❇✉❧t❡ ✭✷✵✵✾✮ ❛♥❞ ❈♦t❡t ❛♥❞ ❚s✉✐ ✭✷✵✶✸✮✱ ❜✉t ✐s ♥♦t t❤❡
❢♦❝✉s ♦❢ t❤✐s ❛rt✐❝❧❡ ✇❤✐❝❤ r❛t❤❡r ❛ss❡ss❡s t❤❡ ♠✐❣r❛t✐♦♥✲s♦❝✐❛❧ ❝♦♥✢✐❝t ♥❡①✉s✳
✽✳ ❈♦♥❝❧✉❞✐♥❣ r❡♠❛r❦s
❚❤❡ ❡①✐st✐♥❣ ❧✐t❡r❛t✉r❡ ♦♥ t❤❡ ♠✐❣r❛t✐♦♥ ❛♥❞ ❝♦♥✢✐❝ts ♥❡①✉s ♣r♦✈✐❞❡s ❧❛r❣❡ ❡✈✐✲
❞❡♥❝❡ t❤❛t ✐♥t❡r♥❛❧ ❛♥❞ ✐♥t❡r✲st❛t❡s ❛r♠❡❞ ❝♦♥✢✐❝ts ❧❡❛❞ t♦ ✐♥t❡r♥❛t✐♦♥❛❧ ♠✐❣r❛t✐♦♥✳
❚❤❡ r❡✈❡rs❡ ❡✛❡❝t ♦❢ ♠✐❣r❛t✐♦♥ ✐♥ ❞r✐✈✐♥❣ ❝♦♥✢✐❝ts✱ ✇❤✐❧❡ ♠✉❝❤ ❧❡ss ✐♥✈❡st✐❣❛t❡❞✱ ❤❡❧♣s
✉♥❞❡r❧✐♥❡ t❤❡ ❜✐✲❞✐r❡❝t✐♦♥❛❧ ❝❤❛r❛❝t❡r ♦❢ t❤❡ ♠✐❣r❛t✐♦♥ ❛♥❞ ❝♦♥✢✐❝ts r❡❧❛t✐♦♥✳ ◆❡✈❡r✲
t❤❡❧❡ss✱ s♠❛❧❧ s❝❛❧❡ s♦❝✐❛❧ ❝♦♥✢✐❝ts s✉❝❤ ❛s r✐♦ts✱ ♣r♦t❡sts ❛♥❞ ✈✐♦❧❡♥❝❡ ❤❛✈❡ r❡❝❡✐✈❡❞
✶✺
s✐❣♥✐✜❝❛♥t❧② ❧❡ss ❛tt❡♥t✐♦♥ ✐♥ t❤❡ ❡①✐st✐♥❣ ✇♦r❦s✱ ❝r❡❛t✐♥❣ ❛ ❣❛♣ ♣r✐♥❝✐♣❛❧❧② ✇❤❡♥ ❝♦♥✲
s✐❞❡r✐♥❣ ❙❙❆ ❝♦✉♥tr✐❡s✳ ■♥ ❧✐❣❤t ♦❢ r❡❝❡♥t ♥❛t✐✈❡✲♠✐❣r❛♥ts ❝❧❛s❤❡s ✐♥ ❙❙❆✱ t❤✐s ♣❛♣❡r
♣r♦♣♦s❡s t♦ ❛ss❡ss t❤❡ r♦❧❡ ♦❢ ♠✐❣r❛♥ts st♦❝❦ ✐♥ r✐♦ts ❛♥❞ s♠❛❧❧✲s❛❧❡ ❝♦♥✢✐❝ts ❛❝❝♦✉♥t✐♥❣
❢♦r ❣❡♦❣r❛♣❤✐❝❛❧ s♣✐❧❧♦✈❡rs ❛♥❞ ✐♥✈❡rs❡ ❝❛✉s❛❧✐t②✳ ❚❤❡r❡t♦✱ ✇❡ ❝♦❧❧❡❝t❡❞ s♦❝✐♦✲❡❝♦♥♦♠✐❝
❞❛t❛ ❢♦r ❛ s❛♠♣❧❡ ♦❢ ✹✶ ❙❙❆ ❝♦✉♥tr✐❡s ♦❜s❡r✈❡❞ ❜❡t✇❡❡♥ ✶✾✾✼ ❛♥❞ ✷✵✶✵ ❢r♦♠ t❤❡ ❲❉■
❛♥❞ t❤❡ ❆r♠❡❞ ❈♦♥✢✐❝t ▲♦❝❛t✐♦♥ ✫ ❊✈❡♥t ❉❛t❛ ✭❆❈▲❊❉✮✳
■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ♣r❡s❡♥❝❡ ♦❢ s♣❛t✐❛❧ s♣✐❧❧♦✈❡rs ✐♥ s♦❝✐❛❧ ❝♦♥✢✐❝ts ✐♥ ❙❙❆ ❝♦✉♥tr✐❡s✱
♦✉r r❡❣r❡ss✐♦♥ ❛♥❛❧②s✐s ♣♦✐♥ts ♦✉t ♣♦s✐t✐✈❡ ❡✛❡❝ts ♦❢ ♠✐❣r❛t✐♦♥ ♦♥ s♦❝✐❛❧ ❝♦♥✢✐❝ts✳ ❚❤✐s
♣♦s✐t✐✈❡ ❧✐♥❦ r❡♠❛✐♥s ✉♥❝❤❛♥❣❡❞ t❤r♦✉❣❤♦✉t ♦✉r ✜✈❡ ✭✺✮ ❞✐✛❡r❡♥t s♣❡❝✐✜❝❛t✐♦♥s✱ ✐♥❞✐❝❛t✲
✐♥❣ t❤❛t ❛♥ ✐♥❝r❡❛s✐♥❣ ♠✐❣r❛♥ts st♦❝❦ s✐❣♥✐✜❝❛♥t❧② ❡♥❤❛♥❝❡s s♦❝✐❛❧ ✐♥st❛❜✐❧✐t②✱ ♥❛♠❡❧②
❵r✐♦ts ❛♥❞ ♣r♦t❡sts✬ ❛♥❞ ❵✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s✬✳ ❆ ♥♦♥✲♣❛r❛♠❡tr✐❝ ❛♥❛❧②s✐s ♣r✐♠❛r✲
✐❧② ❝♦♥❞✉❝t❡❞ ♦♥ t❤❡ ♠✐❣r❛t✐♦♥✲s♦❝✐❛❧ ❝♦♥✢✐❝ts ❧✐♥❦ r❡✈❡❛❧s ❝❧❡❛r ♣❛tt❡r♥s ♦❢ ❛♥ ✉♣✇❛r❞
tr❡♥❞✱ s✉♣♣♦rt✐♥❣ t❤❡ ❧❛tt❡r ♣❛r❛♠❡tr✐❝ r❡s✉❧ts✳ ❆❧❧ ♦t❤❡r t❤✐♥❣s ❜❡✐♥❣ ❡q✉❛❧✱ ✐♥❝r❡❛s❡s
✐♥ t❤❡ ♠✐❣r❛♥ts st♦❝❦ ✇✐t❤✐♥ ❛ ❝♦✉♥tr② ❧❡❛❞ t♦ s♦❝✐❛❧ ✐♥st❛❜✐❧✐t②✱ ✇❤✐❝❤ ❛♣♣❡❛rs t♦ ❜❡
✐ts❡❧❢ s♣❛t✐❛❧❧② ♦r ❣❡♦❣r❛♣❤✐❝❛❧❧② ❝♦♥t❛❣✐♦✉s ❛❝r♦ss ❙❙❆✳ ❙❡✈❡r❛❧ ❢❛❝t♦rs ❤❛✈❡ ❜❡❡♥ ❢♦✉♥❞
t♦ ❜❡ ♣❛❝✐❢②✐♥❣ s♦❝✐❛❧ ❝♦♥✢✐❝ts✳ ❚❤✐s ✐s t❤❡ ❝❛s❡ ♦❢ ❡❝♦♥♦♠✐❝ ✐♥❞✐❝❛t♦rs s✉❝❤ ❛s ●❉P ♣❡r
❝❛♣✐t❛✱ ♦♣❡♥♥❡ss t♦ tr❛❞❡✱ ❛s ✇❡❧❧ ❛s ♣♦♣✉❧❛t✐♦♥ ❞❡♥s✐t②✳ ❘❡❣❛r❞✐♥❣ ♣♦♣✉❧❛t✐♦♥ ❞❡♥s✐t②✱
♦✉r r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ❞❡♠♦❣r❛♣❤✐❝ ♣r❡ss✉r❡ ❞♦❡s ♥♦t ✐♥❞✉❝❡ ✐♥t❡r♥❛❧ ❝♦♥✢✐❝ts ✐♥
❙❙❆✱ ❝♦♥tr❛r② t♦ ❝♦♠♠♦♥ ❛ss❡rt✐♦♥s✳
■♥ t❡r♠s ♦❢ ♣♦❧✐t✐❝❛❧ ✐♠♣❧✐❝❛t✐♦♥s✱ ❛s ♦✉r r❡s✉❧ts s✉♣♣♦rt ♣♦s✐t✐✈❡ s♣❛t✐❛❧ ❡✛❡❝ts ✐♥
❝♦♥✢✐❝ts✱ r❡❧❛t✐✈❡❧② ♣❡❛❝❡❢✉❧ ❛♥❞ st❡❛❞② ❝♦✉♥tr✐❡s s❤♦✉❧❞ ❛❝t✐✈❡❧② ♣❛rt✐❝✐♣❛t❡ ✐♥ ❝♦♥✢✐❝ts
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❚❛❜❧❡ ❆✲✶✿ ❘❡s✉❧ts ♦❢ ❡st✐♠❛t✐♥❣ s♣❛t✐❛❧ ✐✈ ♠♦❞❡❧s ♦❢ ❱❆❈
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❙♣❛✳ ❡✛✳ ✐♥ ❱❆❈✱ ρˆ − − .360∗∗∗ ✭✳✶✷✶✮ .316∗∗∗✭✳✵✻✾✮ .289∗∗∗ ✭✳✵✼✺✮
❙♣❛✳ ❡✛✳ ✐♥ r❡s✐❞✉❛❧s✱ δˆ .244∗∗∗ ✭✳✵✺✶✮ − −.354∗∗∗ ✭✳✶✵✺✮ −.351∗∗∗✭✳✵✾✶✮ −.307∗∗∗ ✭✳✵✾✽✮
■♥t❡r❝❡♣t −4.905∗∗∗✭✶✳✹✾✺✮ −5.620∗∗∗✭✶✳✹✾✻✮ −1.874✭✷✳✷✶✻✮ −.656 ✭✶✳✸✹✻✮ 1.565 ✭✶✳✼✹✷✮
▲♦❣✲❙t♦❝❦ ♦❢ ♠✐❣r❛♥t .522∗∗∗ ✭✳✶✷✸✮ .618∗∗∗✭✳✶✷✸✮ .347∗∗∗ ✭✳✶✶✸✮ .545∗ ✭✳✶✵✾✮ .565∗∗∗✭✳✶✶✷✮
❊①✲❋r❡♥❝❤ ❝♦❧♦♥② −1.230∗∗∗✭✳✶✼✼✮ −1.098∗∗∗✭✳✶✹✽✮ −1.353∗∗∗✭✳✶✹✶✮ −1.379∗∗∗ ✭✳✶✺✶✮
P♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② −.000✭✳✵✵✶✮ −.002∗ ✭✳✵✵✶✮ −.002∗ ✭✳✵✵✶✮
❚r❛❞❡ s❤❛r❡ ✐♥ ●❉P −.014∗∗∗ ✭✳✵✵✷✮ −.012∗∗∗✭✳✵✵✷✮ −.013∗∗∗ ✭✳✵✵✸✮
▲♦❣✲●❉P ♣❡r ❝❛♣✐t❛ −.548∗∗∗✭✳✵✽✻✮ −.781∗∗∗ ✭✳✶✸✹✮
❘❡♥ts ♦❢ ♥❛t✳ r❡s♦✉r❝❡s .032∗∗∗ ✭✳✵✵✺✮ .034∗∗∗ ✭✳✵✵✻✮
❆❣r✐❝✉❧t✉r❡✱ ✈❛❧✉❡ ❛❞❞❡❞ −.017∗∗ ✭✳✵✵✼✮
❋❉■✱ ♥❡t ✐♥✢♦✇s .001 ✭✳✵✵✾✮
●♦✈✳ ❡①♣❡♥❞✐t✉r❡s −.012 ✭✳✵✶✶✮
◆✳ ♦❢ ♦❜s❡r✈❛t✐♦♥s ✺✼✹ ✺✼✹ ✺✼✹ ✺✼✹ ✺✼✹
❆■❈ ❝r✐t❡r✐♦♥ ✶✷✷✷✳✺✷✶ ✶✷✵✾✳✻✷✺ ✶✶✽✹✳✵✹✼ ✶✶✹✻✳✹✷✺ ✶✶✹✹✳✵✷✾
❆✈❡r❛❣❡ ❞✐r❡❝t ✐♠♣❛❝ts
▲♦❣✲❙t♦❝❦ ♦❢ ♠✐❣r❛♥t ✲ ✲ .348∗∗∗ ✭✳✶✶✾✮ .547∗ ✭✳✶✶✸✮ .565∗ ✭✳✶✶✺✮
❊①✲❋r❡♥❝❤ ❝♦❧♦♥② ✲ −1.102∗∗∗ ✭✳✶✻✶✮ −1.356∗∗∗✭✳✶✺✶✮ −1.382∗∗∗ ✭✳✶✻✷✮
P♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② −.000 ✭✳✵✵✶✮ −.002∗ ✭✳✵✵✶✮ −.002∗∗ ✭✳✵✵✶✮
❚r❛❞❡ s❤❛r❡ ✐♥ ●❉P −.014∗∗∗ ✭✳✵✵✷✮ −.012∗∗∗✭✳✵✵✷✮ −.013∗∗∗ ✭✳✵✵✸✮
▲♦❣✲●❉P ♣❡r ❝❛♣✐t❛ −.550∗∗∗✭✳✵✾✶✮ −.782∗∗ ✭✳✶✸✽✮
❘❡♥ts ♦❢ ♥❛t✳ r❡s♦✉r❝❡s .032∗∗∗✭✳✵✵✺✮ .035∗∗∗✭✳✵✵✻✮
❆❣r✐❝✉❧t✉r❡✱ ✈❛❧✉❡ ❛❞❞❡❞ −.018∗ ✭✳✵✵✽✮
❋❉■✱ ♥❡t ✐♥✢♦✇s .000 ✭✳✵✶✵✮
●♦✈✳ ❡①♣❡♥❞✐t✉r❡s −.012∗∗∗ ✭✳✵✶✷✮
❚♦t❛❧ ■♠♣❛❝ts
▲♦❣✲❙t♦❝❦ ♦❢ ♠✐❣r❛♥t ✲ ✲ .542∗∗∗ ✭✳✶✾✷✮ .797∗∗∗ ✭✳✶✼✼✮ .794∗ ✭✳✶✼✾✮
❊①✲❋r❡♥❝❤ ❝♦❧♦♥② ✲ −1.718∗∗∗✭✳✸✷✾✮ −1.978∗∗∗✭✳✷✽✽✮ −1.939∗∗∗ ✭✳✸✵✽✮
P♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② −.000✭✳✵✵✶✮ −.003 ✭✳✵✵✶✮ −.003∗∗∗ ✭✳✵✵✷✮
❚r❛❞❡ s❤❛r❡ ✐♥ ●❉P −.022∗∗∗✭✳✵✵✹✮ −.017∗∗✭✳✵✵✹✮ −.018∗∗ ✭✳✵✵✹✮
▲♦❣✲●❉P ♣❡r ❝❛♣✐t❛ −.802∗∗∗✭✳✶✺✷✮ −1.097∗∗ ✭✳✷✷✾✮
❘❡♥ts ♦❢ ♥❛t✳ r❡s♦✉r❝❡s .046∗∗∗✭✳✵✵✽✮ .049∗∗∗✭✳✵✶✵✮
❆❣r✐❝✉❧t✉r❡✱ ✈❛❧✉❡ ❛❞❞❡❞ −.025∗ ✭✳✵✶✷✮
❋❉■✱ ♥❡t ✐♥✢♦✇s .001 ✭✳✵✶✹✮
●♦✈✳ ❡①♣❡♥❞✐t✉r❡s −.016∗∗∗ ✭✳✵✶✼✮
❘♦❜✉st ♣❛♥❡❧ ▲▼✲t❡st ❢♦r s♣❛t✐❛❧ ❛✉t♦❝♦rr❡❧❛t✐♦♥ ✐♥ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ❛♥❞ ✐♥ r❡s✐❞✉❛❧s†
❙♣❛t✐❛❧ ❧❛❣ ❞❡♣❡♥❞❡♥❝❡ ✳✵✺ ✭✳✽✶✮ ✷✳✵✹ ✭✳✶✺✮ ✷✶✳✼✾ ✭✳✵✵✮ ✷✶✳✵✷ ✭✳✵✵✮ ✶✹✳✸✸ ✭✳✵✵✮
❙♣❛t✐❛❧ ❡rr♦r ❞❡♣❡♥❞❡♥❝❡ ✸✳✻✼ ✭✳✵✺✮ ✳✶✻ ✭✳✻✽✮ ✶✺✳✹✾ ✭✳✵✵✮ ✶✻✳✶✸ ✭✳✵✵✮ ✶✵✳✷✽ ✭✳✵✵✮
◆♦t❡✿ ❉❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❧♦❣✲♠♦❞✐✜❡❞ ❝♦✉♥ts ♦❢ ✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s ✭❱❆❈✮✳ ❘♦❜✉st st❛♥❞❛r❞
❡rr♦rs ❛r❡ ✐♥ ❜r❛❝❦❡ts✳ ❵∗∗∗✬✱ ❵∗∗✬ ❛♥❞ ❵∗✬ r❡s♣❡❝t✐✈❡❧② st❛♥❞ ❢♦r s✐❣♥✐✜❝❛t✐✈✐t② ❧❡✈❡❧ ❛t ✶✱ ✺ ❛♥❞ ✶✵✪✳
†❍❡r❡ ✇❡ r❡♣♦rt t❤❡ ▲▼✲st❛t✐st✐❝s ❛♥❞ ✐♥ ❜r❛❝❦❡t p✲✈❛❧✉❡s✳ ❋♦r t❤❡s❡ t❡sts✱ H0 ✐s t❤❡ ❛❜s❡♥❝❡ ♦❢ s♣❛t✐❛❧
❡✛❡❝ts✳
✷✶
❚❛❜❧❡ ❆✲✷✿ ❘✐♦ts✴Pr♦t❡sts✿ ❊st✐♠❛t✐♦♥ ♦❢ ❋❊ ♠♦❞❡❧s
❈♦✈❛r✐❛t❡s ✴ ▼♦❞❡❧s ▼♦❞❡❧ ✶ ▼♦❞❡❧ ✷ ▼♦❞❡❧ ✸ ▼♦❞❡❧ ✹ ▼♦❞❡❧ ✺
▲♦❣✲❙t♦❝❦ ♦❢ ♠✐❣r❛♥t .554∗∗∗✭✳✵✹✽✮ .561∗∗∗✭✳✵✹✼✮ .584∗∗∗✭✳✵✺✹✮ .585∗∗∗✭✳✵✺✺✮ .593∗∗∗✭✳✵✺✾✮
❊①✲❋r❡♥❝❤ ❝♦❧♦♥② −.414∗∗✭✳✶✸✾✮ −.585∗∗∗✭✳✶✹✺✮ −.578∗∗∗✭✳✶✹✺✮ −.563∗∗∗✭✳✶✺✵✮
P♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② −.003∗∗∗✭✳✵✵✶✮ −.004∗∗∗✭✳✵✵✶✮ −.004∗∗∗✭✳✵✵✶✮
❚r❛❞❡ s❤❛r❡ ✐♥ ●❉P −.001 ✭✳✵✵✷✮ .002 ✭✳✵✵✷✮ .001 ✭✳✵✵✸✮
▲♦❣✲●❉P ♣❡r ❝❛♣✐t❛ −.071 ✭✳✵✾✶✮ −.105 ✭✳✶✷✶✮
❘❡♥ts ♦❢ ♥❛t✳ r❡s♦✉r❝❡s −.009∗ ✭✳✵✵✺✮ −.008 ✭✳✵✵✺✮
❆❣r✐❝✉❧t✉r❡✱ ✈❛❧✉❡ ❛❞❞❡❞ −.003 ✭✳✵✵✼✮
❋❉■✱ ♥❡t ✐♥✢♦✇s .000 ✭✳✵✵✾✮
●♦✈✳ ❡①♣❡♥❞✐t✉r❡s .006 ✭✳✵✶✶✮
◆✳ ♦❢ ♦❜s❡r✈❛t✐♦♥s ✺✼✹ ✺✼✹ ✺✼✹ ✺✼✹ ✺✼✹
❋✲st❛t ✭p✲✈❛❧✉❡✮ ✺✹✶✸✹✳ ✭✷✳✷❡✲✶✻✮ ✼✷✳✻✷ ✭✷✳✷❡✲✶✻✮ ✹✶✳✶✻ ✭✷✳✷❡✲✶✻✮ ✷✽✳✸✷ ✭✷✳✷❡✲✶✻✮ ✶✽✳✾✵ ✭✷✳✷❡✲✶✻✮
◆♦t❡✿ ❉❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❧♦❣✲♠♦❞✐✜❡❞ ❝♦✉♥ts ♦❢ r✐♦ts ❛♥❞ ♣r♦t❡st ❛s ♣r♦①② ❢♦r ❝♦♥✢✐❝ts✳ ❚❤❡ ❞❛t❛✱
♥❂✹✶ ❝♦✉♥tr✐❡s ♦❜s❡r✈❡❞ ♦✈❡r t❂✶✹ ♣❡r✐♦❞s✳ ■♥ ❜r❛❝❦❡t ❛r❡ r♦❜✉st st❛♥❞❛r❞ ❡rr♦rs✳ ❵∗∗∗✬✱ ❵∗∗✬ ❛♥❞ ❵∗✬
r❡s♣❡❝t✐✈❡❧② st❛♥❞ ❢♦r s✐❣♥✐✜❝❛t✐✈✐t② ❧❡✈❡❧ ❛t ✶✱ ✺ ❛♥❞ ✶✵✪✳ ❋❊ ❜❛s❡❞ ♦♥ t❤❡ ✇✐t❤✐♥ ❡st✐♠❛t♦r✳
❚❛❜❧❡ ❆✲✸✿ ❱❆❈✿ ❊st✐♠❛t✐♦♥ ♦❢ ❋❊ ♠♦❞❡❧s
❈♦✈❛r✐❛t❡s ✴ ▼♦❞❡❧s ▼♦❞❡❧ ✶ ▼♦❞❡❧ ✷ ▼♦❞❡❧ ✸ ▼♦❞❡❧ ✹ ▼♦❞❡❧ ✺
▲♦❣✲❙t♦❝❦ ♦❢ ♠✐❣r❛♥t .549∗∗∗✭✳✵✺✾✮ .569∗∗∗ ✭✳✵✺✻✮ .488∗∗∗ ✭✳✵✻✺✮ .545∗∗∗✭✳✵✻✶✮ .559∗∗∗✭✳✵✻✺✮
❊①✲❋r❡♥❝❤ ❝♦❧♦♥② −1.189∗∗∗✭✳✶✻✻✮ −1.158∗∗∗✭✳✶✼✹✮ −1.269∗∗∗✭✳✶✻✸✮ −1.261∗∗∗✭✳✶✻✽✮
P♦♣✉❧❛t✐♦♥ ❞❡♥s✐t② .001 ✭✳✵✵✶✮ −.001 ✭✳✵✵✶ ✮ −.001 ✭✳✵✵✶✮
❚r❛❞❡ s❤❛r❡ ✐♥ ●❉P −.005∗∗✭✳✵✵✷✮ −.005∗ ✭✳✵✵✸✮ −.006∗∗✭✳✵✵✸✮
▲♦❣✲●❉P ♣❡r ❝❛♣✐t❛ −.576∗∗∗✭✳✵✾✵✮ −.712∗∗∗✭✳✶✸✻✮
❘❡♥ts ♦❢ ♥❛t✳ r❡s♦✉r❝❡s .037∗∗∗✭✳✵✵✺✮ .042∗∗∗✭✳✵✵✻✮
❆❣r✐❝✉❧t✉r❡✱ ✈❛❧✉❡ ❛❞❞❡❞ −.010 ✭✳✵✵✽✮
❋❉■✱ ♥❡t ✐♥✢♦✇s −.008 ✭✳✵✵✾✮
●♦✈✳ ❡①♣❡♥❞✐t✉r❡s .011 ✭✳✵✶✷✮
◆✳ ♦❢ ♦❜s❡r✈❛t✐♦♥s ✺✼✹ ✺✼✹ ✺✼✹ ✺✼✹ ✺✼✹
❋✲st❛t ✭p✲✈❛❧✉❡✮ ✽✻✳✶✹ ✭✷✳✷❡✲✶✻✮ ✼✷✳✻✽ ✭✷✳✷❡✲✶✻✮ ✸✽✳✸✻ ✭✷✳✷❡✲✶✻✮ ✹✸✳✺✹✭✷✳✷❡✲✶✻✮ ✷✾✳✻✺ ✭✷✳✷❡✲✶✻✮
◆♦t❡✿ ❉❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❧♦❣✲♠♦❞✐✜❡❞ ❝♦✉♥ts ♦❢ ✈✐♦❧❡♥❝❡ ❛❣❛✐♥st ❝✐✈✐❧✐❛♥s ✭❱❆❈✮ ❛s ♣r♦①② ❢♦r
❝♦♥✢✐❝ts✳ ❙❡❡ ❛❜♦✈❡ ❢♦r ❢✉rt❤❡r ❝♦♠♠❡♥ts
❚❛❜❧❡ ❆✲✹✿ ▼♦❞❡❧ ✶ ❜❛s❡❞ ❉✉r❜✐♥✲❲✉✲❍❛✉s♠❛♥ t❡st ❢♦r ❡♥❞♦❣❡♥❡✐t②
❘✐♦ts✴Pr♦t❡sts ❛s ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ❱❆❈ ❛s ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡
❙❡❝♦♥❞ st❛❣❡ ❊st✐♠❛t❡s ❊st✐♠❛t❡s
■♥t❡r❝❡♣t ✲✹✳✹✸✽∗∗∗ ✭✶✳✵✶✶✮ ✲✳✼✺✵ ✭✶✳✷✷✸✮
▲♦❣✲❙t♦❝❦ ♦❢ ♠✐❣r❛♥ts ✳✹✺✽∗∗∗ ✭✳✵✽✸✮ ✳✶✽✸∗ ✭✳✶✵✸✮
❋✐rst st❛❣❡ r❡s✐❞✉❛❧s ✳✶✹✸ ✭✳✶✵✶✮ ✳✺✹✽∗∗∗ ✭✷✳✸✺✺✮
❋✲st❛t✳ ✭p✲✈❛❧✉❡✮ ✻✽✳✹✹ ✭✷✳✷❡✲✶✻✮ ✺✺✳✷✸ ✭✷✳✷❡✲✶✻✮
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